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A USER'S MANUAL FOR THE ORIGEN2 COMPUTER CODE

A. G. Croff

ABSTRACT

This report describes how to use a revised version of
the ORIGEN computer code, designated ORIGEN2. Included are
a description of the input data, input deck organization, -
and sample input and output. ORIGEN2 can be obtained from
the Radiation Shielding Information Center at ORNL.

1. INTRODUCTION

ORIGEN is a widely used computer code for calculating the buildup,
decay, and processing of radioactive materials. During the past few
years, a. sustained effort was undertaken by ORNL to update the original
ORIGEN codel and its associated data bases. The results of this effort
were updates of the reactor models, cross sections, fission product
yields, decay data, decay photon data, and the ORIGEN computer code it-
self.2‘5 The object of interest in this feport is the revised version
of the ORIGEN computer code, which is called ORIGEN2. Specifiéally,'
this report constitutes a detailed user's manual for ORIGEN2.

Section 2 of this report describes several general considerations
that differentiate ORIGEN2 from the original version of ORIGEN. These
general considerations are very important since (1) their effect is to
give ORIGEN2 an outward appeafance which is radically different from
the original version, and (2) they must be fully understood if the
user is to comprehend the rest of the user's manual.

Section 3 describes the nature of several ‘types of data that are
initialized before any irfadiation or decay calculations are performed.
The methods for altering these data are also described in this section.

Section 4, which is the heart of the user's manual, describes the
instructions whereby the user directs ORIGEN2 to perform the calcula-
tions required to. achieve the desired results. It is at this point,
that the increased flexibility and the more voluminous input require-

ments of ORIGEN2 become most evident.




Section 5 describes the contents and formats of the decay, cross
sectioh/fission product yield, and photon libraries used by ORIGEN2.

For most users, the required libraries have been supplied along with
ORIGEN2, .and Sect. 5 will be of little concern. However, these
descriptions are vital for those users who create their own libraries
or wish to override certain values in the existing libraries.

Section 6, which is relevant to all users, describes how the initial
material compositions used in ORIGEN2 are specified. The format of these
data is somewhat, although not radically, different from that of the
original ORIGEN.

Section 7 describes the organization of ORIGEN2 input &ecks for two
cases: one with the data libraries on cards, and the other with the data
libraries on tape‘or a direct-access device. This section is important
because of the large number of different types of input data required by
ORIGEN2 and because of the variability of the input that is required,
depending on the options the user eiects to invoke.

Finally, Section 8 describes a sample ORIGEN2 input deck (listed in
Appendix A), generic ORIGEN2 output, and sample ORIGEN2 output (listed
in Appendix B). This type of description is necessary because of the
large number of isotopes and table types that can be output by ORIGEN2.

A code package containing ORIGEN2 and its data libraries can be
obtained at the following address:

Codes Coordinator

Radiation Shielding Information Center
P.0. Box X

Oak Ridge National Laboratory

Oak Ridge, Tennessee 37830

- (615) 574-6176




2. GENERAL CONSIDERATIONS
2.1 ORIGEN2 MAIN

The MAIN routine of ORIGEN2 performs four major functions:

1. provides a mechanism to variably dimemsion ORIGEN2 to accommodate
different problem sizes,

2. provides much of the framework necessary to put some of the arrays
to several different uses, '

3. calls for the subroutines that perform the desired operations, and

4. provides a mechanism to execute multiple ORIGENZ2 problems with a

single job.

The third function is handled automatically and will not be discussed.
The fourth function is discussed in Sect. 4.29. |

ORIGEN2 has been variably dimensioned to allow the user to tailor
the size of the executable module to the problem size and/or the available
computer space. The size of the ORIGEN2 executable module ranges from
about 175K (1K = 1024 bytes = 256 single precision words) to about 600K,
principally depending on the number of nuclides being considered.

Figure 2.1 gives a listing of ORIGEN2 MAIN with alphabetic character
strings (e.g., CCCC) substituted for numerical array dimensions. A
description of each of these array dimensions is given in Table 2.1.

The required size of these dimensions principally depends on the number
of nuclides being considered in a given case. These nuclides are grouped

into three segments as follows:

1. Activation products, which consist of nearly all naturally occurring

nuclides, their neutron absorption products, and the decay daughters
of these products. This segment is principally used to handle
structural materials (e.g., Zircaloy) and fuel impurities.

2. Actinides,which contain the isotopes of the elements thorium (atomic
number 90) through einsteinium (atomic number 99) that appear in

significant amounts in discharged reactor fuels plus their decay

daughters.
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10GICAL  LONG -
INTEGER*2. LOCA,NONO,KD,LOC, NGF, NGN, NGR, NYIELD, NONP, NQ, HMAX,KAD, .
$10CE,NFODPP ' ) s
DOUBLE PRECISION CIMN,CSUN -

DIMENSION XNEW(AAAA,BBBB),COEPP (CCCC,BBRBB) ,NPROD (CCCC,BBEB), : =
$HMAX (BBEB) ,KAP (BBEB) T
DINENSION STTFPB (JJJJ,10),ISTOTI (333,03}, IS (JIJJ),RSTOTI (JI3J) o
DINENSION A(DDDD),LCCA (DDDD),NFUDFP(PFFF,0000) .
DINBNSION DR(NNNX) ,ER (NNKN),FR (NNFN) : -
DIBENSIOR YIELD(EEEE),NYIELD(FFFF),RMULY (NNNK,3) -

DINEBNSION ALPHN (GGGG),NUCAN (GGGG),NUCSFU (GGGG) ,NY (GGEG), YT (GGGG),
SFPSP (GGGG) , PPA (GGGG)
CONMON /JUNK/ERR,IDN(1},ILITE,TACT,IFP,XTOT, ILMAX,IANAX,IPHAYX,
$ITMAX, TZHAX,AXN,QXN,FLUX, POWER, TNDEX, TFPEAV (8) , IPHNAX
COMAON /MAINO3/NSTP,ANNUL,ANEXP, NABHNAX, ICHNMAX,IAPMAX,IFYMAY
1766 WORDS ARE WBCESSARY IN /NUDSCR/ BEGINNING WITH S
/SUDSCR/ IS USED FOR NUITIPLE PURPOSES.
COMNON /NUDSCR/DUM1 (CCCC,BBBB) ,DUN2 (HAHH,BBBB) ,S(2) ,CINN (BBBE) ,
$ CSUM(BBBB), NONP (BBEB) , NQ (BBBB) , XP (BBBB) ,XPAR (BBBB) , XTENP (BBBB) ,
$ D{(BBBB),AP(IIIT),LCCP(IITI),LONG(BBBB)
COMNON - /BIG/¥UCL (BBEB) ,Q (BBBB), PG (0004) , TOCAP (BBBB) , GENNEU (GGGG) ,
$ALPHAN {GGGG) , SPONY (GGGG) , SFNU (GGCG) , PISS (GGGG) , NUCAB (BEBB) ,
$AMPC (BBBB) , ¥4PC (BBBE) ,XSTORE (JJJJ, BBBB) , DIS{BBBB) ,B (BBEB) ,
$ABUND (KKKK) , NONO (BBEB) ,KD (BBBB) , LOC (DDDD) , NGF (BBBB) , HGN (BRBB) ,
$NGR (LLLL) ,GGR (LLLL})
DR,ER, AND FR PROVIDE A CONVENIENT NECHANISM FOR INITIALIZING VARIABLE
WULTIPLIER ARSAY RMULV.
EQUIVALENCE (DR (1) ,BMOLV(1,1)), (ER(1),RNULV(1,2)),
$(PR(1) ,RHULY (1,3))
EQUIVALENCE (DUM1{1,1),COEFP (1,1)), (DUN2 (1,1) ,NPROD(1,1)},
$ (NC¥P(1) ,MMAX (1)), (FAP (1) ,8Q(1)) , (XNEW (1,1),DUN1 {1, 1))
EQUIVALENCE (XP (1) ,ALPHN(1)), (ALPHN (GGGG), NUCAN (1)), (NUCAR (GGGG) ,
$RUCSPU (1) ), (FUCSPU (GGGG) , NY (1)), (NY (GGGG) ,TT (1)), (YY(GEGG) ,
$FFSF (1)), (FPSP(GGGG), YTELD (1)) , (YTELD (EEEE} , NYIELD (1))
CALL Q105F (6)
INITIALIZE PAGE COUNTER
NPAGE=IPAGE (0)

1x= 3333 .
NX= AAAA , -
1C= Ccec -,
ILMAT= NMANN

IANAX= GGGG -
IPMAX= FPPP : "
ITHAX= BBBB .
1Z4AX= DDDD : , -

IPBENAX=LLLL
IAPMAX=IIII
IFIMAX=EEEE
NAEBNMAX=KKKK
ICNNEAX=0000
IPL= PPPP
LAN=NNEN
NEOTRONS PER NEUTRON-INLUCED PISSION: O=THERMAL SPECTRUM; 1=PAST SPECTRUN
RYITP=1 .
NYTP=0
CALL SUBROUTINE TO READ CARD INPUT FROM UNIT 5, PRINT IT ON UNIT 6, AND
WRITE IT ON UNIT SO. UNIT 50 IS THEN REWOUND AND ORIGEN2 READS THE DATA

" FROY UNIT SO.

CALL LISTIT(S5,6,50)
REWIND. 50
MAIN1 HASDLES THE MISCEILANEOUS INITIALIZATION DATA
1 CALL MAIN?T(NYTP,SPNU,ALPHN,NUCAN,NUCSFU, NY,YY,ANMUL,ANEXP)
MAIN2 READS THE ORIGEN2 COMMANDS
2 CALL HAIN2(NSTP)
MAIN3 EXECUTES THE ORIGEN2 COMMANDS
3 CALL MAIN3(
$ LONG, STTFPB,ISTOTI,IS,RSTOTI, LX, MX, LC,IPD,
$NUCaAB, NONO,KL,LOC, BGF,NGN, NGR, NYIELD, NONP, NQ, LOCP, MMAX ,XKAP,
$10CA,NPUDFP,. CInR,Csun, S,
$80CL,Q,PG,TOCAP, GENNEU, ALPHAN, SPONP, SFNU, PISS,ANPC, WNPC, XSTORE,
$D1S,8,G6R,YIELD,A +»XP,XPAR,XTENP, D,AP,COEFF, KPROD, XNEW,
$ALPHN, NUCAN, NUCSPU,NY,YY,PFSF,FFA, ABUND, REULV,LAN)
THIS "GO TC®" FROVIDES TEE MECHANISN POR EXPCUTING MULTIPLE PROBLEMS WITHIN
A SINGIE® JOB.

G0 TOo (1,2,3,8),NSTE L
4 CONTINUE E

CALL Q105F(6) ’ -

STOP 100 :

END

Fig. 2.1. Generic ORIGEN2 MAIN subprogram.
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- Table 2.1. Description of alphabetic array dimensiomns

= “ \ A in Fig. 2.1
- ~ Alphabetic
- ‘ character string
) in Fig. 2.1 Description
AAAA Number of output vectors, i.e., MN in XNEW
(MX , ITMAX) :
BBBB Maximum number of nuclides = ITMAX
CCCC Maximum number of non-zero cross-section and

decay reactions per nuclide = LC in COEFF (LC, ITMAX)

> DDDD Total number of non-zero matrix elements
(Array A)
EEEE Number of non-zero fission product yields
FFFF , Maximum number of fission products = IFMAX
v | GGGG Maximum number of agtinides + 1 = TAMAX
’ HHHH | 13 - LC (See C above)
P .
»: ITIT Maximum number of non-zero elements for long—livéd

nuclides (Array AP)

JJIJ ' Number of storage vectors = LMX in XSTORE (MX, ITMAX)
KKKK Number of non-zero natural abundances

LLLL Number of non-zero photon yields

MMMM Maximum number of light nuclides = ILMAX

NNNN Maximum number of variable multipliers in RMULV
0000 Number of actinides with both direct fission

product yields and a variable fission cross section
(usually 3; can be 4 for plutonium-enriched thorium
fuels)




3. Fission products, which consist of nuclides produced by actinide

fission plus their decay and capture products.

The meaning of the word '"vectors" in Table 2.1 is discussed in Sect. 2.4.

ORIGENZ2 keeps track of and prints the minimum required size of most
of the variably dimensioned arrays (see Sect. 8.2.2). A summary of the
recommended dimensiong for several problem sizes is given in Table 2.2.
The magnitude of the dimensions is dependent on the number of actinide
nuclides having direct fission product yields, which can range from
zero to eight (see Sect. 4.18). Dimensions are given in Table 2.2 for
cases with 0, 4, 6, and 8 actinides having direct fission product yields.

The variable NYTF in MAIN (see Fig. 2.1) indicates whether thermal
reactor (NYTF = 0) or fast reactor (NYTF = 1) neutron yields per neutron-

- induced fission are to be used (see also Sect. 3.1).

The variables RMULV, DR, ER, FR, and LAM are related to a multiplier
used by the MOV (Sect. 4.12) and ADD (Sect. 4.13) commands. LAM is the
number of possible multipliers (presently four) in a given set of multi-
pliers. These are specified by initializing variables DR (first set),

ER (second set), and FR (third set) using DATA statements in MAIN.
Variables DR, ER, and FR are equivalenced to the appropriaté portion
of RMULV. The variable LAM is passed in subroutine parameter lists for

variable dimensioning purposes.
2.2 ORIGEN2 Free-Format Input

With few exceptions, all of the input data to ORIGEN2 can be
specified in free format. The free-format read routines are modifications

of those written by L. M. Petrie.6 The restrictions on free-format input

are as follows:

1. All data must appear in the correct order.
2. All data must be of the correct type (e.g., integer or real) and
may be in I, F, E, or D format.

3. Each datum must be separated from the next by a comma and/or at least

one space.
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4. Zero data values must appear explicitly (i.e., a blank is not
equivalent to a zero). . ‘

5. 1In general, data may be continued onto multiple records when desired.

6. Certain data must appeér as the first datum on a new record. These
instances are described later.

7. The maximum record length is 80 bytes.

8. 1If an end of file is read, control is returned to the calling

subroutine.

Thus, in generai, the data being read must be in the correct order, must
begin on a new card when required, and must be separated by a comma or
blank. Other than this, the data may appear anyplace on an inpﬁt record.
In the special case of numbers in E or D format (e.g., 3.8E 0l), the space

after the E is acceptable and is not considered as the end of the number.
2.3 The ORIGEN2 "Command" Concept

The use of "commands" is one of the principal differences between
ORIGENZ and previous versions of ORIGEN. An ORIGEN2 command directs
the computer code to execute a single function, such as a single irradia-
tion step. A series of interrelated commands is generally required to
obtain a meaningful result. The series of commands typically ranges
from 25 to 200 in number and is similar in logic to a program written
in a computer language such as FORTRAN. Thus, the series of commands
very much resembles a program which is read and executed by ORIGEN2.
The implementation of the command concept in ORIGEN2 is advantageous in
that it allows a user to simulate a wide variety of nuclear fuel cycle
scenarios in detail, including recycle calculations. The accompanying
disadvantage is that the required input is more detailed and more
specific than in previous versions of dRIGEN. The currently available

ORIGEN2 commands are defined and discussed in Sect. 4.

3t



2.4 The Concept of an ORIGEN2 "Vector"

Before attempting to describe the operational details of ORIGEN2,
it is important that the user understand the concept of an ORIGEN2

"vector."”

An ORIGEN2 vector is a one-dimensional array that specifies’
the amount of each nuclide being considered in aﬁ ORIGEN2 case; it is
printed as a single column of numbers in ORIGEN2Z output. For example,
in Case 1 in Table 2.2, which includes actinide, activation product, and
fission product nuclides, a vector might specify the amounts of all
these nuclides in a spent PWR fuel assembly after 150 days post-irradia-
tion decay time. In this case, the amounts of about 1676 nuclides
(dimension BBBB in Tables 2.1 and 2.2) corresponding to these conditions
would be specified in the vector. A schematic diagram of the conceptual
vector organization in ORIGENZ is shown in Fig. 2.2. Two basic types of
vectors are accessible to the user: output vectors, and storage vec-
tors. '

Twelve oufput vectors are contained in ORIGEN2. These vectors
are written when ORIGEN2 output is produced. Each of the vectors is
designated by using positive integers corresponding to the relative
location of the vector, with the leftmost vector on the output page
being vector 1 and the rightmost vector 12. The information in the
output vectors is retained under all conditions except one. This
exception occurs when a new set of ORIGEN2Z commands is read during a
single run using the STP command (Sect. 4.29) and the new set of commands
includes a LIB command (Sect. 4.18), which reads new ORIGEN2 decay and
cross—-section data libraries. In this case, the array containing the
output vectors is used as scratch space to read the new libraries and
the nuclide mass data are lost.

There are a variable number (LX) of storage vectors in ORIGEN2,
depending on the variable dimensions employed (see variable JJJJ in
Table 2.1). These vectors are used to store intermediate ORIGEN2
results and cannot be output. The vectors are designated by using
negative integers from -1 to -LX. The information in the storage

vectors is retained under all circumstances, including those where the

output wvectors are overwritten.
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2.5 Description of ORIGEN2 Input/Output Units

ORIGEN2 uses several input and outpﬁt units to facilitate orderly
and flexible code operation. These units and their functions are given
in Table 2.3. For a basic ORIGEN2 calculafion, units 5, 6, 12, and 50
would be necessary, and the rest of the units could be dummied or omitted.
The units not used in the basie calculation are required to execute certain

ORIGEN2 commands or to provide useful auxiliéry*information.
2.6 Card Input Echo

ORIGEN2 has included in it a SUBROUTINE LISTIT, which has the function
of providing a card input echo. The cards are read on unit 5, printed on
unit 6, and written to unit 50, which is a tempdfary file. Cards that
have a dollar sign ($) in the first column of the card are printed (on
unit 6) but not written (on unit 50), thus allowing for the inclusion of
comments in the input stream that will not interfere with the operation
of ORIGEN2. Unit 50 is then rewound, and the rest of ORIGEN2 reads this
information from unit 50. The units 5, 6, and 50 appear explicitly in the
call to LISTIT, which occurs in MAIN. Thus, if the unit numbers given ih
Table 2.3 are altered, the unit definitions in the LISTIT parameter list

in MAIN must also be changed correspondingly.
2.7 ORIGEN2 Nuclide Identifier

The ORIGEN2 nuclide identifier is a six-digit integer that
uniquely defines a particular nuclide. This identifier, which is

identical with that in the original ORIGEN, is defined as follows:
NUCLID = 10000*Z + 10*A + IS,

where

NUCLID

six—~digit nuclide identifier

N
1}

atomic number of nuclide
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A = atomic mass of nuclide
IS = isomeric state indicator
| 0 = ground state

1 = excited state

2 or greater not permitted

‘Thus, the nuclide identifier for '37Cs (Z = 55, A = 137) would be 551370.

The trailing zero (or one) is always required. A leading zero, such as
for tritium (NUCLID = 010030), is not required. The six-digit identifier
for an element is given by

ELEMID = 10000%*Z,
where ELEMID is the element identifier and Z is defined as above. Thus,
the ELEMID for cesium would be 550000.

2.8 Machine Compatibility Consideratiomns

ORIGEN2 has been designed to be as machine-compatible as is possible
by using onlj the FORTRAN computer language, using only standard FORTRAN
functions (e.g., SQRT, etc.), using H format specifications for literal
data in FORMAT and DATA statemeqés, and minimizing the number of partial-
word (i.e., one-byte and two-byte word) arrays. However, in the interest
of minimizing space and coding complexity, some features were used that

may not be acceptable on non-~IBM computers. Specifically, some partial-

word arrays are used.

Aspects of ORIGEN2 that are likely to require modification before

implementation on other machines are as follows:

1. All partial-length word specifications must be removed for those
computers where they are not permitted. These specifications
are given by cards at the beginning of each subprogram,and the
first characters are INTEGER*2.

2. For those computers with a word length at least twice that of
the IBM computers (32 bits), the DOUBLE PRECISION declarations

become optional.
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In two places (subroutines LISTIT and QQREAD), ORIGEN2 ié

designed toiread until an end-of-file is encountered and then -
branch to another operation. Accommodation of this branch is _ -
accomplished differently on different computers, and the user
should check this to ensure compatibility.

INTEGER FUNCTION QQPACK reads input data, character by character,

“and constructs words from the characters. As a result of the

widely varying word structure on various computers, this routine

must be totally changed for each different type of computer.

Versions of this subroutine are currently available for IBM

and CDC computers.

Many non-IBM computers have relatively small core regioms for

the executing program and a large, directly associated memory

for storing thé large arrays as opposed to the IBM procedure

of placing the entire executing job in core. Thus, for these

computers, cards that assign the desired arrays t¢ the directly -2
acceséed memory must be included. At the time this report is |
being issued, this has been accomplished for a CDC 7600
computer.

For computers where the use of uninitialized '"garbage" in
assignment statements will result in errors, the core should

be preset to zero.
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3. MISCELLANEOUS INITIALIZATION DATA

Because the data discussed in this section are widely varied and are
only related by their invariance from case to case, they are categorized
as "miscellaneous initialization data." The types of data falling into
this category, and the section in which each is discussed, can be summar-

ized as follows:

Section Data description
3.1 Fission neutron yields per neutron-induced
fission
3.2 (a,n) neutron production rates
3.3 Neutron yield per spontaneous fission
3.4 Fractional reprocessing recoveries for

individual elements

3.5 Fractional reprocessing recoveries for
element groups

3.6 Assignment of individual elements to
fractional reprocessing recovery groups

3.7 Elemental chemical toxicities

All of these data are initialized in a BLOCK DATA statement using the

types of information described in the appropriate subsection below.

3.1 " Fission Neutron Yield per Neutron-Induced Fission

The BLOCK DATA statement supplies spectrum—weighted single-group
fission neutron yields per neutron-induced fission for a thermal reactor

(PWR-U) and a fast reactor (advariced-oxide LMFBR). These data are used

in calculating the infinite neutron multiplication factor for a mixture
of nuclides. These data cannot be altered except by changing the values

in the BLOCK DATA routine and recompiling it.
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3.2 (a,n) Neutron Production Rate

The BLOCK DATA routine supplies measured (a,n) neutron production :
rates (units = neutrons g_1 sec”!) for nuclides in oxide fuels which -
override values calculated with an empirical equation in ORIGEN2. The
-(a,n) neutron production rates for those nuclides not listed explicitly
are calculated from an empirical equation. The parameters in the
equation and the explicit values cannot be altered except by chaﬁging

the values in the BLOCK DATA subroutine and recompiling it.
3.3 Fission Neutron Yield per Spontaneous Fission

The BLOCK DATA routine supplies measured neutron yields per spon-
taneous fission which override values calculated with an empirical
equation in ORIGEN2. These neutron yields, denoted as SF yields, are
used to calculate the decay neutron activity of nuclide mixtures. The ' K¢

SF neutron yields for those nuclides not given explicitly are calculated

from an empirical equation. These initialization data cannot be altered ka
except by changing the values in the BLOCK DATA routine and recompiling - T
it.

3.4 Fractional Reprocessing Recoveries for Individual Elements

3.4.1 Initialization values

The BLOCK DATA subroutine supplies reprocessing fractional recoveries
(FRs) for each individual element. The FRs are used to separate a specified
elemental composition -into two separate streams. The individual element
FRs initially present in ORIGEN2Z are given in Table 3.1. A single FR set
specifies an FR for each of 99 elements. There are ten sets of individual
FRs in ORIGEN2. |

The individual FR sets also serve another purpose under certain -

circumstances. If one or more WAC commands (see Sect. 4.17) are used,

then at least one individual-element or element-group (see Sect. 3.5)

FR set must contain continuous removal rates for the elements in units
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ORIGEN2 default individual-element fractional recoveries
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Table 3.1.

Set

Fractional recoveries

Set

Set Set Set

Set

Set Set

- Set

Set
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Element

0.0 0.9 1.0

1.0 1.0 0.0

0.0

0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005

0.0

0.0

1.0 0.0 0.0 0.0 1.0
1.0

1.0

0.0

0.0 0.0

He
Li-B

0.0 0.0 1.0

100
0.0
1.0

1.0

0.0
0.0
0.0

1.0
0.0

0.0

0.0 1.0
0.0 1.0

0.0
0.0

100
1.0

1.0
1.0

1.0

0.0
0.0

0.0 0.0 1.0
0.0

0.0

1.0 1.0 1.0

0.0

0.001
0.0

0.0

1.0
1.0
1.0

0.0

1.0

1.0

0.0
0.0

0.0

Ne

000

000
0.0

1.0 1.0

1.0

. 1.0

0.0

Na-S

0.0
0.0
0.0

0.0 1.0 1.0 1.0
0.0

0.0

0.001
0.0

Cl

1.0

0.0
0.0

1.0

1.0

0.0

Ar
K-Se
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1.0
1.0

1.0

1.0

1.0

0.0
0.0

1.0

0.0

0.0 0.0

1.0 1.0

1.0

0.001
0.0

0.0

Br

1D0
1.0

0.0 0.0
0.0

0.0

0.0
1.0

1.0 1.0
1.0

1.0

0.0
0.0

0.0

Kr
Rb-Te

1.0

0.0

CoC
o o ©
o T

oo
oo

Coe@
oo

Co
- O

(=Na
—

co
!

0.0

S o

01

oo
(=N

0.0 1.0

Xe
Cs-At

0.0 0.0 1.0

0.0

1.0

1.0

0.0

0.0

0.0

1.0 1.0 0.0 0.0 1.0
1.0

1.0

0.0
0.0

0.0 1.0
1.0

Fr-Ac

0.0 0.0

1.0

1.0

1.0

0.0

Th

OO0
i i e Pt

0.0 0.0
1.0 0.0
0.0 0.0
0.0 0.0

1.0
0.6
0.0
0.0

1.0
0.2
0.05
0.02

1.0
1.0
0.05
1.0

0.999
0.0
0.9999
0.0

1.0
1.0
1.0
1.0

0.0
0.995
0.0
0.995
0.0

Pa
U

Np
Pu

0.0 0.0 0.0 1.0

0.001

0.001

1.0

Am-Es
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1. The continuous removal rates specified in the FR set are those

of sec”
appropriate for a reactor with continuous fuel reprocessing (e.g., an MSBR).
The sﬁecified continuous removal rates are used by the WAC command to
generate equivalent continuous feed rates of waste during waste decay.

In either of the above cases, the initial data can be altered by
using the methods described below.

3.4.2 Qverriding initial values

The default FRs for individual elements can be overriden by using the

following procedure:

A. Function: Overrides individual-element FR supplied in the BLOCK DATA

subroutine.

B. Data sequence:

NE(1) - NS(1) FR(1)
NE (M) NS (M) FR(M)
NE (MMAX) ' NS(MMAX)  FR(MMAX)
-1

where

NE(M) = one- or two-digit element atomic number (1-99) for the

fractional recovery on the Mth card

NS(M) = set number (1-10) for the individual fractional recovery
on the Mth card

FR(M) = fractional recovery replacing the initial wvalue for
element NE(N) in set NS(N)

MMAX = number of individual-element fractional recoveries being

~overriden (can be zero)
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C. Number of cards: MMAX+1

D. Terminate reading these data: NE(MMAX+1).LT.O

E. Skip reading these data: One card with NE(1).LT.O
F. Remarks:

1. The FR(M) values also serve to define continuous removal rates
for the WAC command (see Sects. 3.4.1 and 4.17). Initial
continuous removal rates can be overriden in the same manner

as the fractional recoveries.
3.5 Fractional Reprocessing Recoveries for Element Groups

3.5.1 Initialization values

The BLOCK DATA subroutine supplies FR values fbr a group of elements.
These group FRs can be employed in essentially the same manner as the FRs
for individual elements (discussed in Sect. 3.4). That is, the group
values can be used to separate a single, specified elemental composition
into two different streams or to designate contiﬁuous removal rates for
the WAC command. The FR values for the groups initially present in
ORIGEN2 are given in Table 3.2. ORIGEN2 can contain up to 20 groups of
elements. There are ten sets of group FR in ORIGEN2, each specifying
the FR for all groups.

The initial-element group FR can be altered by using the procedure

described in the subsections that follow.

3.5.2 Overriding initial values

The default-element group FR can be overriden by using the procedure

described below.

A. TFunction: Override element group FR supplied by the BLOCK DATA

subroutine.
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. B. Data sequence:
i NG(1) NS(1) FR(1)
NG(L) NS(L) FR(L)
NG (LMAX) NS (LMAX) FR(LMAX)
-1
where
NG(L) = one- or two-digit element group number (1-20) for the
fractional recovery on card L
¥ 'NS(L) = set number (1-10) for the element-~group fractional
recoveries on the card L
- FR(L) = fractional recovery replacing the initial value for
group NG(L) in set NS(L)
IMAX = number of group fractional recoveries being overridden
» (can be zero)
C. Number of cards: LMAX+1
D. Terminate reading these data: NG(LMAX+l).LT.O
E. Skip reading these data: One card with NG(1).LT.O
F. Remarks:

1. The FR(L) also serve to define continuous removal rates for
the WAC command (see Sects. 3.4.1, 3.5.1, and 4.27). Initial

continuous removal rates can be overridden in the same manner

as the group fractional recoveries.




22

3.6 Assignment of Elements to Fractional Recovery Groups

3.6.1 Initialization wvalues

The BLOCK DATA subroutine also assigns each of the 99 elements to
one of the 20-element groups discussed in Sect. 3.5. Any number of
elements may be assigned ﬁo a given group, but an individual element
can be a member of only one group. The initial membership of the
ORIGEN2 element group is given in Table 3.3.

The assignment of elements to FR groups can be altered by using the

procedure described below.

3.6.2 Overriding initial values

The membership of the default element group can be overriden by

using the procedure described below.

A. Function: Override element-group membership assignments supplied 0
by the BLOCK DATA subroutine. -

B. Data sequence:

NE (1) NG(1)
NE(I) NG(I)
NE (IMAX) NG (IMAX)
-1
where
NE(I) = one- or two-digit element atomic number (1-99) on Card 1 'f
NG(I) = one- or two-digit element group number (1-20) where element

NE(I) is to be assigned

IMAX =

number of element assignments being overridden (can be zero)
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3 Table 3.3. Membership of ORIGEN2
. default element group
;f Group Elements in group
§ 1 All elements except those
; . in groups 2-14
2 Th
3 Pa
4 U
5 Np
6 Pu
7 Am
8 Cm
¥ 9 Bk
75 10 Cct
- 1 Es
12 F, C1, Br, I
13 He, C, N, Ne, Ar, Kr, Xe, Rn
14 H

15-20 None-
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C. Number of cards: IMAX+1
D. Terminate reading these data: NE(IMAX+1).LT.O

E. Skip reading these data: One card with NG(1).LT.O

3.7 Elemental Chemical Toxicities

_ The BLOCK DATA subroutine supplies maximum permissible concentrations
(MPCs) for each of the chemical elements in water. The MPC is used to
calculate the volume of water required to dilute a given amount of an
element to a concentration corresponding to its MPC. The volume of water
required for each element in a mixture is assumed to yield the total vol-
ume of dilution water required and thus a measure of the chemical toxicity

of the elemental mixture. These data cannot be altered except by changing

the values in the BLOCK DATA subroutine and recompiling it.
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4. ORIGEN2 COMMANDS

The instructions defined in this section, called ORIGEN2 commands,
enable the user to precisely define the order in which any or all of the
ORIGEN2 program functions are executed. This procedure is analogous to
writing a FORTRAN program in that the commands define a series of opera-
tions which will be performed sequentially,with the sequence being
variable at the user's option. The use of the commands to define the
ORIGEN2 problem flowsheet allows the use of a "DO loop" command, which
executes a set of instructions within the range of the loop a prescribed
number of times. Coupled with other options, this gives the user the
capability for easily investigating fuel recycle (e.g., plutonium) and
nuclear fuel cycle waste production rates as a function of time.

The general format of the ORIGENZ commands is
CoM PARM(1), PARM(2), . . . PARM(I) ,

where COM is a keyword defining the instruction type and the PARM(I) are
parametets supplying various data necessary for the execution of the
operational commands. Details on the data format are given in

Sect. 2.2. A list of the ORIGEN2 commands and a brief description

of their functions are given in Table 4.1.

Before attempting to use ORIGEN2, it should be noted that there are
certain restrictions on the order in which the commands must occur. The
primary restriction is that the LIB command (Sect. 4.18), which reads
the decay and cross-section libraries, must precede most other commands

since it defines the list of nuclides being considered. Other restric-

" tions will be noted when the individual commands are discussed.

Each ORIGEN2 command can be present in a single input stream a
maximum number of times; the limit depends on the speéific command.
This limit is given in the section (below) that describes éach indi-
vidual command. The limits can be changed by varying the dimensions
of the appropriate array(s) within the ORIGEN2 source deck. The limit
on the total number of ORIGEN2 commands that may be used is 300, a

number which can also be changed by varying array dimensions within

the source deck.
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Table 4.1. List of ORIGEN2 commands .

Command ’ e
keyword Description Section Page )
ADD Add two vectors 4,13 40
BAS Case basis 4.3 28
BUP Burnup calculation 4.14 42
CON Continuation 4,28 60
CuT Cutoff fractions for summary tables 4.9 34
DEC Decay ' 4.23 54
DOL DO loop 4.11 48
END Terminate execution 4,30 61
FAC Calculate a multiplication factor 4.4 28
HED Vector headings 4.7 33
INP Read input composition, continuous removal 4.6 31
rate, and continuous feed rate
IRF Flux irradiation 4.21 50
IRP Specific power irradiation 4,22 52
KEQ Match infinite multiplication factors 4,10 36 -
LIB Library print control 4.18 45 . ->
LIP Library print control 4,16 43 .
LPU Data library réplacement cards 4.20 49 )
MOV Move nuclide composition from vector to vector 4.12 38 :
OPTA Specify actinide nuclide output table options 4.26 58 -
OPTF Specify fission product nuclide output table 4.27 59
options ’
OPTL Specify activation product output table options  4.25 56
ouT Print calculated results 4.5 29
PCH Punch an output vector 4.15 42
PHO Read photon libraries 4.19 47
PRO Reprocess fuel 4.24 55
RDA Read comments regarding case being input 4.1 27
REC Loop counter : 4.8 34
TIT Case title 4.2 27
WAC Nuclide accumulation 4,17 44
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4.1 RDA — Read Comments Regarding Case Being Input

A. Function: Prints alphanumeric comments among the listing of the

operational commands being input.
B. Data sequence:

RDA COMMENT(S)

~where

RDA = command keyword
COMMENT(S) = alphanumeric message

C. Allowable number of RDA commands: Maximum total number of commands.
D. Propagation: None.

E. Remarks: These comments are printed in the listing created when
ORIGENZ is interpreting the commands, which is separate

from the card input echo described in Sect. 2.6.
4.2 TIT — Case Title

A. Function: Supplies case title printed>in ORIGEN2 output.
B. Data sequence:

TIT A(9), - - - A(80)
where

TIT = command keyword

A(I) = alphanumeric characters in columns 9-80 only
C. Allowable number of TIT commands: 20

D. Propagation: Until changed. , :

E. Remarks: None.
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4.3 BAS — Case Basis ' ,

A. Function: Supplies case basis printed in ORIGEN2 output. -

B;v Data sequence: : : | .
BAS A(9), . . . A(80)

where

- BAS = command keyword

A(I) = alphanumeric characters in columns 9-80 only
C. Allowable number of BAS commandsﬁ 10
D. Propagation: Until changed.

E. Remarks: The BAS command only supplies an alphanumeric message.
The user is responsible for the consistency of the basis,

the input material masses, specific power, etc.

4.4 FAC — Calculate a Multipliéation Factor
Based on Total Vector Masses -

AT Function: Calculates a multiplication factor, FACTOR[NFAC(1)],
based on the total actinide plus fission product masses
in one or two vectors for use in MOV (see Sect. 4.12) or

ADD (see Sect. 4.13) commands.
B. Data sequence:
FAC NFAC(1), . . . NFAC(4), RFAC(1)
where

FAC
NFAC(1) = number of factor calculated by this command (must

command keyword

be greater than zero and less than or equal to the

maximum number of FAC commands)

NFAC(2) = vector number
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4 NFAC(3) = vector number

* . NFAC(4) = method for calculating FACTOR[NFAC(1l)]:
: = 1 FACTOR[NFAC(1)] = T[NFAC(2) ]+T[NFAC(3)]
_" = 2 FACTOR[NFAC(1)] = T[NFAC(2) ]=T[NFAC(3)]

= 3 FACTOR[NFAC(1)] = T[NFAC(2)]*T[NFAC(3)]
= 4 FACTOR[NFAC(1)] = T[NFAC(2)]/T[NFAC(3)]
= 5 FACTOR[NFAC(1)] = T[NFAC(2)]

= 6 FACTOR[NFAC(1)] = T[NFAC(3)]

= 7 FACTOR[NFAC(1)] = 1.0/T[NFAC(2)]

= 8 FACTOR[NFAC(1)] = 1.0/T[NFAC(3)]

where the T[NFAC(I)] are the total fission product
Plus actinide masses for the indicated vectors,

expressed‘in kilograms.

RFAC(1l) = constant value to be used in place of the T{NFAC(I)]:
.GT.0 = substitute RFAC(1l) for T[NFAC(2)] when
: calculating FACTOR[NFAC(1)]
| .EQ.0 = use the T[NFAC(I)] as defined
N |  .LT.0 = substitute [-RFAC(I)] for T[NFAC(3)] when
calculating FACTOR[NFAC(1l)]
The units of RFAC(1) ére kilograms.

C. Allowed number of FAC commands: 20

D. Propagation: Until another FAC command with the same value of

NFAC(1l) is executed.

E. Remarks: Some characteristic results from this command are

printed on unit 15.
4.5 OUT — Print Calculated Results

A. TFunction: Calls for the calculated results in some or all of the

. X output vectors to be printed.
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B. Data sequence:

OUT NOUT(1), . . . NOUT(4) _ ' s

where ' _ : K
OUT = command keyword
NOUT(1l) = number of vectors to be printed beginhing with the
first vector:
.GT.0 = output on units IOUT, JOUT, and KOUT (Unit 6)
.LT.0 = output on unit 11
NOUT(2) = frequency of print if instruction is in a loop
(Sect. 4.11) [print occurs first time through loop
and every NOUT(2)th recycle thereafter]
NOUT(3) = print number of present recycle:
.GT.0 = yes
.LE.O = no
NOUT(4) = parameter controlling type of summary table printed: 2
' .LT.0 = all vectors tested for inclusion in -
summary table except vector =-NOUT(4) {

.EQ.0 = all vectors tested for inclusion in .
summary table '
.GT.0 = only vector NOUT(4) tested to see if a

nuclide is included in the summary table
C. Allowable number of OUT commands: 20
D. Pfopagation: None.
E. Remarks:

1. If NOUT(2).NE.l, a REC command must be employed (Sect. 4.8).
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4.6 INP — Read Input Composition, Continuous Removal Rate,
and Continuous Feed Rate

. A. Function: Calls for nuclide composition, continuous nuclide feed

rate, or continuous elemental removal rate to be read.

s s e b D i b S R b a0 IR e e bm s e s e e s
]

B. Data sequence:
INP NINP(1), . . . NINP(6)
where

INP = command keyword
NINP(1)

number of vector in which initial compositions are

to be stored

NINP(2) read nuclide composition:
.EQ.0 = no
.EQ.1 = yes; units are g/basis unit (read on unit 5)

| .EQ.2

- yes; units are g-atoms/basis unit (read on
unit 5)
s -EQ.-1
- ' ' .EQ.-2 = yes; units are g-atoms/basis unit (read on
unit 4)

yes; units are g/basis unit (read on unit 4)

NINP(3)

read continuous nuclide feed rate:
.LT.0
.EQ.1
.EQ.2 = yes; units are g-atoms/(time) (basis unit)
See NINP(5) for specification of time units.

no

yes; units are g/(time) (basis unit)

NINP(4)

read element removal rate per unit time:
.LT.O
.EQ.0
.GT.0

no read; no propagation

no read, but propagate previously read values
read NINP(4) data pairs (see Sect. 6.3)

See NINP(6) for specification of time units.

.. NINP(5) time units of continuous nuclide feed rate data
“ (see Table 4.2)
- NINP(6)

time units of continuous elemental removal rate data
(see Table 4.2)




Table 4.2.
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Time unit designation

O 0 N O W N
[}

seconds
minutes

hdurs

days

years

stabie

10% years (kY)
10° years (MY)
10° years (GY)

W

V¥
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Allowable number of INP commands: 15

- Propagation: None.

Remarks: User is responsible for the consistency of the

calculational basis with the input masses.

4,7 HED — Vector Headings

A, Function: Allows alphanumeric vector headings to be specified.
B. Data sequence:
HED NHED Al), . . . A(10)
where
HED = command keyword
NHED = number of vector which is to be given heading
A(I) = ten-character alphanumeric heading anyplace on the

card to the right of NHED

Allowable number of HED commands: 50

Propagation: Until the vector is overwritten.

Remarks:

1. The heading is moved with the vector when the MOV (Sect. 14.12)
and ADD (Sect. 14.13) commands are used.

2. If a HED command is to be used to label either a vector of
input concentrations [vector NINP(1), Sect. 4.6] or the
vectors resulting from a PRO command [vectors NPRO(2) and
NPRO(3), Sect. 4.24], the HED command must follow the INP
or PRO command.

3. If A(1l) is an apostrophe or asterisk (%), the ten characters

immediately following A(l) are taken as the vector héading.

This allows for the inclusion of leading blanks.
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4.8 REC — Loop Counter 4

A. Function: Counts the number of times that a loop (DOL command,

Sect. 14.11) has been executed. . | .

B. Data sequence: |

REC
where

REC = command keyword -
C. Allowable number of REC commandé: 1
D. Propagation: None.
E. Remarks:

1. This counter is output as the "Recycle #" in ORIGEN2 output.
4,9 CUT — Cutoff Fractions for Summary Tables -

A. TFunction: Override default cutoff fractions for summary output .

tables.
~B. Data sequence:
CUT[NCUT(1), RCUT(1)], . . . [NCUT(NT), RCUT(NT)], -1
where

CUT
NCUT(I)

operational command

number of the output table to which cutoff fraction
'RCUT(i) is to apply (see Table 4.3 for table numbers
and deécriptions)
RCUT(I) = new cutoff fraction for table number NCUT(I)

NT = total number of default cutoff values which are

being overridden with this CUT command

C. Allowable number of CUT commands: 3

D. Propagation: Until changed. A
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Table 4.3. Description of ORIGEN2 output table

Table
number Description of table Units
1 Isotopic composition of each element atom fraction
2 Isotopic composition of each element weight fraction
3 Composition gram—-atoms
4 Composition atom fraction
3 Composition grams
6 Composition weight fraction
7 Radioactivity (total) Ci
8 Radioactivity (total). fractional
9 Thermal power watts
10 Thermal power fraectional
11 Not used
12 Not used
i3 Radioactive inhalation hazard m® air
14 Radioactive inhalation hazard fractional
15 Radioactive ingestion hazard m3 water
16 Radioactive ingestion hazard fractional
17 Chemical ingestion hazard m® water
18 Chemical ingestion hazard fractional
19 Neutron absorption rate neutrons/sec
20 Neutron absorption rate fractional
21 Neutron-induced fission rate fissions/sec
22 Neutron—-induced fission rate fractional
23 Radioactivity (alpha) Ci
24 Radioactivity (alpha) ‘ fractional
25 (alpha,n) neutron production neutrons/sec
26 Spontaneous fission neutron production neutrons/sec
27 Photon emission rate photons/sec
28 Set test parameter ERR -
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E. Remarks:

1. TIf an output value for a particular nuclide is less than the
cutoff fraction multiplied by the totél table value for all
vectors being tested (see-Sect. 4.5 for additional details on
which vectors are tested), then that particular nuclide is
not printed.

2. Table number 28 caﬁ be used to override the default value for
ERR, presently set at 1.0E-25. ERR is used in logical IF
statements instead of 0.0.

3. An integer ~1 must follow RCUT(NT) unless all 28 cutoff
fractions are specified.

4. The default cutoff fractions for the first 26 tables (see
Table 4.3) are 0.001l; for Table 27 the cutoff is 0.01.

5. The [NCUT(I),RCUT(I)] may continue onto subsequent cards.

No operational command is used on the additional cards.

6. The application of the cutoff value to photon tables is

somewhat different; it is discussed in Sect. 8.2.2.
4.10 KEQ — Match Infinite Multiplication Factors

A. Function: Blend materials in two vectors so that the resulting
infinite multiplication factor (IMF) matches. that of

another vector or an input value.
B. Data sequence:

KEQ NKEQ(1), NKEQ(2), NKEQ(3), NKEQ(4), NKEQ(5), RKEQ(1)

where
KEQ = command keyword
NKEQ(1l) = vector whose IMF is to be matched by vector NKEQ(4)
NKEQ(2) = vector whose material is to be wholly included in the
final blended material in vector NKEQ(4) -
NKEQ(3) = vector whose material is to be apportioned to obtain

the proper IMF for vector NKEQ(4)

-~




NKEQ(4) =

NKEQ(5) =

RKEQ(1) =
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vector containing all material in vector NKEQ(2) plus
part of the material in NKEQ(3) and having the same IMF
as either vector NKEQ(l) or RKEQ(l); that is,

NKEQ(4) = NKEQ(2) + f * NKEQ(3)

where f is the factor by which NKEQ(3) must be multiplied
to obtain the correct IMF for NKEQ(4).

vector containing the portion of NKEQ(3) not blended

into NKEQ(4); that is,’

NKEQ(5) = (1-f) * NKEQ(3)

1f (1-f) is less than zero, then NKEQ(5) is set to zero.
desired final IMF for vector NKEQ(4) if RKEQ(1l).GT.0.0.

If RKEQ(1l).LT.0.0, the IMF of vector NKEQ(4) is matched

to that of wvector NKEQ(1). If RKEQ(1).EQ.0.0, the IMF

is equal to RMULV(NREC,l). The RMULV values are specified
in a data statement in MAIN (see Sect. 2.1); the NREC

parameter is described in Sect. 4.8.

Allowable number of KEQ commands: 3

Propagation: None.

Remarks:

1. The equation used to calculate the parameter f, by which

vector

NKEQ(3) is multiplied before being combined with

material in vector NKEQ(2) and being placed in vector NKEQ(4)

is given by

where

3
k2
ks
D2

D3

f = (k2 - k1)*D2/(k; - k3)*D3

IMF to be matched from vector NKEQ(l) or RKEQ(1)
IMF of material in vector NKEQ(2)
IMF of material in vector NKEQ(3)

neutron absorption rate of material in vector
1

NKEQ(2) , neutrons sec

neutron absorption rate of material in vector

NKEQ(3), neutrons sec @
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2. Some characteristic results from this command are printed

on unit 15.
4,11 DOL — DO Loop

Function: A "DO loop" which executes the commands within its

range a prescribed number of times.

B. Data sequence:
DOL NDOL (1), NDOL(2)
where

DOL = command keyword

NDOL(1) = number of the CON command (Sect. 4.28) which defines
‘the range of this DOL. Each DOL must have a unique
CON associated with it.

NDOL(2) = the total number of times the instructions within the

loop are to be executed
Allowable number of DOL commands: 2
Propagatioﬁ: None.

Remarks: None.
4.12 MOV — Move Nuclide Composition from Vector to Vector

Function: Moves (i.e., copies) the nuclide concentration data in

one vector to another vector, nuclide by nuclide.

B. Data sequence:
MOV NMOV(1), NMDV(Z),.NMOV(S), RMOV (1)
where
MOV = command keyword

NMOV (1)

number of the vector where the concentrations to be

moved are presently stored
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N NMOV(2) = number of the vector where the concentrations in
vector NMOV(1) are to be moved. May be the same
: as NMOV(1). | |
NMOV(3) = source of additional multiplier

«GT.0 = number of variable multiplier vector that

e N om <k S APy o e B, i
L]

contains the additional factors by which

vector NMOV(1) is to be multiplied before

being moved to vector NMOV(2). The variable
multiplie:s are in array RMULV and are initial-
ized with a DATA statement in MAIN. The |
particular element of RMULV used is

RMULV[NREC, NMOV(3)]

where NREC is the recycle number (Sect. 4.8).
The total multiplier, RMULT,'is given by

RMULT = RMULV[NREC,NMOV(3) ]*RMOV(1).

NREC must be defined to use the variable
multiplier option.

.EQ.0 = no additional multiplier is used; that is,
RMULT = RMOV(1l).

.LT.0 = The additional multiplier to be used was
- previously calculated by an FAC command
(see Sect. 4.4) and designated as
FACTOR[NFAC(1) ] at that time. To use this
factor, set NMOV(3) = -NFAC(1l); the total

multiplier is then given by
RMULT = FACTOR[-NMOV(3)]*RMOV(1).

RMOV(1l) = factor by which vector NMOV(l) is to be multiplied
before being stored in vector NMOV(2).

T C. Allowable number of MOV commands: 99.

= D. Propagation: None.
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E. Remarks:

1. Vector NMOV(2) can be zeroed by moving another vector to
NMOV(2) with RMOV(1l) = 0.0.

2. The information in vector NMOV(1l) is not destroyed by the
MOV command. :

3. Vector NMOV(2) will have the same heading as vector NMOV(L)

after the MOV command has beeﬁ executed.
4.13 ADD — Add Two Vectors

A. Function: Adds the nuclide concentration data in one vector to

that in another vector,nuclide by nuclide.
B. Data sequence: |
ADD NADD(1), NADD(2), NADD(3), RADD(1)
where

ADD = operational command ‘
NADD(1) = number of the vector where the concentrations to
' be added are presently stored
NADD(2) = number of the vector to which the concentrations in
vector NADD(l) are to be added

NADD(3) source of additional multiplier

.GT.0 = if NADD(3).GT.0, it is the number of the
variable multiplier vector which contains
the factors by which vector NADD(1l) is to
be multiplied before being added to vector
NADD(2). The variable multipliers are in
array RMULV and are initialized with a DATA
statement in MAIN. The particular element

of RMULV used is
RMULV[NREC, NADD(3)]

where NREC is the recycle number (see Sect.
4.8). The total multiplier, RMULT, is given by

.
a4
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RMULT = RMULY[NREC,NADD(S)]*RADD(l)

NREC must be defined to use this option (see

" Sect. 4.8).

..EQ.0 =

.LT.0 =

RAbD(l) =

no additional multiplier used; that is,
RMULT = RADD(1).

the additional multiplier to be used was
previously calculated by a FAC command (see
Sect. 4.4) and designated as FACTOR[NFAC(1)].
To use this factor, set NADD(3) = -NFAC(1);
the total multiplier is then given by

 RMULT = FACTOR[-NADD(3) ]*RADD(1)

factor by which vector NADD(1l) is to be
multiplied before being added to vector
NADD(2) or as specified under NADD(3) above.

Allowable number of ADD commands: 30

Propagation: None.

Remarks:

1. Vector NADD(1) may be subtracted from vector NADD(2) by setting

RADD(1) = -1.0. (CAUTION: Negative nuclide concentrations can

result in fatal errors.)

2. The information in vector RADD(1l) is not altered by the ADD

command .

3. Vector NADD(2) will have the same headings as vector NADD(1)

after the ADD command has been executed.
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- 4.14 BUP — Burnup Calculation

A. Function: Defines the basis and calculates the average burnup,

flux, and specific power for an irradiation.

B. Data sequence:

BUP
Irradiation
BUP
where
BUP = command keyword
Irradiation =

the operational commands (generally several IRPs or
IRFs) that describe the fuel irradiation upon which

the burnup calculation is to be based.
C. Allowable number of BUP commands: 20 (ten pair).
D. Propagation: Until superseded by other BUP commands.

E. Remarks:

1. A BUP command must appear both before and after the statements

constituting the fuel irradiation upon which the burnup calcu-

lation is to be based. Other commands may be present between
the BUP statements.

4.15 PCH — Punch an Output Vector

'A. Function: Punch a designated output vector in ORIGEN2-readable

format or write it to a disk file.
B. Data sequence:
PCH NPCH(1), NPCH(2), NPCH(3)

where

PCH
NPCH(1)

command keyword

control character for light nuclide and structural

material punch.
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4 NPCH(2) = con£r01 character for actinide nuclide punch

E NPCH(3) = control character for fission product nuclide punch

- If NPCH(1) .EQ.0 - no punch

- «GT.0 - number of output vector to be punched

.LT.0 - number of storage vector to be punched
C. Allowable number of PCH commands: 54
D. Proﬁagation: None.
E. Remarks:

1. Format of punched output is [2X,I12,4(IX),16,2X,IPE10.4)];
gee Sect. 6.1 for details. '
2. Units of punched output are g-atoms.

3. The last record (card) written by each PCH command is
0 BURNUP FLUX SPECIFIC POWER.

The burnup, flux, and specific power are average values
produced by the BUP command (Sect. 4.14) and must be present

. | for a file read on unit 4 [NINP(2).LT.0; see Sect. 4.6].
%; These parameters are not necessary for input material composi-
tions read with NINP(2).GT.O.

4,16 LIP — Library Print Control

A. Function: Controls the printing of the input data libraries.
B. Data sequence:

LIP  NLIP(1), NLIP(2), NLIE(3)
where |

LIP = command keyword

NLIP(1l) = control character for decay library print
NLIP(2) = control character for cross-section library print
* NLIP(3) = control character for photon library print

If NLIP(I).EQ.0 - no print
.GT.0 - print library




C.

D. Propagation: Until superseded.

E. Remarks: None.

4.17 WAC — Nuclide Accumulation

A. Function: Multiplies a concentration vector by a fractional
recovery vector and stores the result in vector B,
which contains continuous feed rates.

B. Data sequence:

WAC NWAC(1), NWAC(2)
where -
WAC = command keyword
NWAC(1) = number of fractional recovery vector (Sects. 3.4 and 3.5)
which is to multiply concentration vector NWAC(2).
Fractional recovery NWAC(l) should contain the removal
rate of each element from the system in units of sec '
(equivalent to the feed rate to the next system being
analyzed).
NWAC(2) = number of concentration vector which is to be multiplied

by fractional recovery vector NWAC(1l)

C. Méximum allowable number of WAC commands: 2

D. Propagation: None.

E. Remarks:
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Allowable number of LIP commands: 5

1. This command will enable the continuous accumulaﬁion of waste
from a reactor with continuous reprocessing (e.g., an MSBR) to
be calculated. The steady-state fuel composition in vector
NWAC(2) is multiplied by the appropriate continuous removal

rates stored in fractional recovery vector NWAC(1l); the result

is subsequently stored in vector B. Then the waste is decayed,
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with vector B‘representing the continuous feed of waste to
the waste decay step from the continuously reprocessed

steady-state reactor.

4.18 LIB — Read Decay and Cross-Section Libraries

A. Function: Read decay and cross-section libraries; substitute
decay and cross—section cards and cards with non~
standard reactions.

B. Data sequence:

LiB NLIB(1l), . . . NLIB(11l)
where

LIB = command keyword

NLIB(l) = control character for printing matrix of non-zero
reaction rates (array A) for the libraries read (see
Sect. 8.2.1).
If NLIB(1).GT.0 - print
.LE.0 - no print _
NLIB(2) = identification number of light nuclide decay library

to be read; see Table 4.4
NLIB(3) = identification number of actinide nuclide decay library

to be read; see Table 4.4

NLIB(4) = identification number of fission product nuclide decay
library to be read; see Table 4.4

NLIB(5) = identification number of light nuclide cross-section
library to be read; see Table 4.4

NLIB(6) = identification number of actinide nuclide cross-section
library to be read; see Table 4.4 . _

NLIB(7) = identification number of fission product nuclide yield

~and cross-section library to be read; see Table 4.4
I1f NLIB(2-7).EQ.0 -~ no read ‘
.GT.0 - normal read on unit NLIB(8)
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Table 4.46. ' Numbers of ORIGEN? data libraries >

Category of isotope

f Type of library Activation product - Actinide Fission product -

: [NLIB(2 or 5)]a [NLIB(3 or 6)]2 [NLIB(4 or 7)]2 NLIB(12)2 <

: Decay 1 2 3 - -
Photon : . 101 : 102 ’ 103 -

Cross—section libraries

PWR: 2%5U-enriched U0 204 205 206 1
33,000 MWd/metric. ton : :
PWR: 2?5U-enriched U0, in a 207 ' 208 209 _ 2
self-generated Pu recycle
reactor
PWR: . Pu-~enriched UQO; in a 210 211 212 3
self-generated Pu recycle
reactor
BWR: 2°°U-enriched UO; 251 ‘ 252 : 253 4
BWR: 23%U-enriched fuel in a 254 255 256 5
self-generated Pu recycle ’
reactor
BWR: Pu-enriched fuel in a 257 258 . 259 6
self-generated Pu recycle
reactor
PWR: ¥§gz—enriched with denatured 213 214 215 7 ‘;
U
PWR: Pu-enriched ThO, 216 217 218 8
. ) 4
PWR: 2®SU-enriched UO:; 219 ‘220 221 9 -
50,000 MWd/metric ton s
PWR: ThO,-enriched with makeup, 222 223 224 10

denatured 235y

PWR: ThO, enriched with 225 226 227 11
recycled, denatured 233y

LMFBR: Eafly oxide, LWR-Pu/U/U/U

Core 301 302 303 18
Axial blanket 304 365 316 19
Radial blanket 307 ' 308 309 20

LMFBR: Advanced oxide, LWR-Pu/U/U/U

Core 311 312 313 12
Axial blanket 36 315 316 . 13
Radial blanket 317 318 319 14

LMFBR: Advanced oxide, recycle-Pu/U/U/U

Core 321 322 323 15
Axial blanket 324 . 325 : 326 16
Radial blanket ) 327 328 ‘ 329 17
Thermal: 0.0253-eV cross sections 2017 202 203 4]

3Refer to Sect. 4.18 for the use of these parameters.




NLIB(8)

NLIB(9)
NLIB(10)

- NLIB(11)

NLIB(12)

]

47

.LT.0 ~ normal read on unit NLIB(8) and
substitute card read on unit
NLIB(9)
number of input unit for normal reading of the bulk
of the libraries
number of input unit for reading substitute cards
number of non-standard reactions to be read
If NLIB(10).EQ.0 -~ no read
.GT.0 - non-standard reactions read on
unit NLIB(8)
,LT.0 - non~standard reactions read on
unit NLIB(9)
céntrol character identifying the set of actinides with
direct fission product yields; see Table 4.5
control character identifying the set of variable

actinide cross sections to be used; see Table 4.4

Allowable number of LIB commands: 5.

Propagation: Until another set of decay libraries is read.

Remarks:

1. If substitute cards are to be read, the LPU command(s)

(Sect. 4.20) must precede the LIB command in which the cards

are to be read.

2. See Sect. 5 for library format details.

Function:

4.19 PHO — Read Photon Libraries

Read the photon production rate per disintegration in

18 energy groups.
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Table 4.5. Actinide sets with direct fission product yields

NLIB(11) _ Actini@es with direct fission prodﬁct yields
1 2355238y 2395241p,
2 ’ 232qy 233’235U, 239p,
3 232Th; 233,235,238U"239:241Pu
4 232qy, 23332345238y 2395241p,, 285y 2520




49

B. Data sequence:
- PHO NPHO(1), . . . NPHO(4)
4 where

PHO = command keyword

NPHO(1) = identification number of activation product photon
library to be read; see Table 4.4
NPHO(2) = identification number of actinide nuclide photon
library to be read; see Table 4.4
NPHO(3) = identification number of fission product nuclide photon
library to be read; see Table 4.4
If NPHO(1-3).LE.O - no read
.GT.0 - read
NPHO(4) = number of input unit on which the photon libraries are
to be read
T C. Allowable number of PHO commands: 5

D. Propagation: Until another set of photon libraries is read.

Te E. Remarks: See Sect. 5.5 for library format details.
4.20 LPU — Data Library Replacement Cards

A. Function: Read nuclide identifiers for replacement decay and/or
cross—section data cards to be read by LIB command

(Sect. 4.18). /
- B. Data sequence:
LPU NLPU(1), . . . NLPU(MAX), -1
where

LPU = command keyword v
- NLPU(1-MAX) = nuclide identifiers for replacement data cards
in the order in which they occur in the original

. _ data library

MAX = number of nuclide identifiers to be read for a given

LPU command; must be .LE.100
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Allowable number of LPU cards: 9
Propagation: Until another LIB command is executed.
Remarks: ‘ -

1. If less than 100 nuclide identifiers are specified, a -1
(integer) must appear after the last identifier.

2. As many cards may be used as are required.

3. The LPU command(s) must precede the LIB command in which the

replacement data cards will be read.

4, The first LPU command is associated with the first negative

control variable in the NLIB(2-7) set of control variables
(Sect. 4.18). The second LPU command is associated with the
second negative control variable in the NLIB(2-7) set of
control variables, etc.

5. See Sects. 5.1 and 5.2 for library format details.
4,21 1IRF — Flux Irradiation .

Function: Irradiation for a single interval with the neutron flux

specified.

Data sequence:

IRF RIRF(1), RIRF(2), NIRF(1l), . . . NIRF(4)

where
IRF = command keyword
RIRF(l) = time at which this irradiation interval ends A
RIRF(2) = if RIRF(2).GT.0.0, this is the neutron flux during

this irradiation interval in neutrons cm™2 sec l.

If RIFR(2).LT.0.0, the neutron flux is given by:

NEWFLUX = OLDFLUX*[-RIRF(2)]

[

where

NEWFLUX = flux to be used during this interval,

neutrons cm 2 sec !
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“ OLDFLUX = flux for the same time period from the
. ) previous irradiation, neutrons cm 2 sec”!.
N ' See remark 2 below.
L NIRF(1) = number of the vector where the material composition at
) the beginning of this irradiation interval is stored
NIRF(2) = number of the vector where the‘material cbmposition at
the end of this irradiation interval is to be stored
NIRF(3) = time units of RIRF(1l): see Table 4.2
NIRF(4) = specification of time at which this irradiatioﬁ interval
begins:

0 = starting time is the end of the previous IRF, IRP,
or DEC interval. All reactivity and burnup informa-
tion is retained, and MIRR is ﬁot’altered. Used for
continuing irradiation/decay on the same output page.

1 = starting time is set to zero. All reactivity and

I burnup information is retained, and MIRR is set to
<. zero. Used for beginning a new irradiation on the
‘ same output page.

Te . 2 = starting time is set to zero. All reactivity and
burnup iﬁformation and MIRR are set to zero. Used
to begin a new irradiation/decay on a new output page.

3 = same as NIRF(4) = 0 except that the first seven lines
of the irradiation information are set to zero.

-Used for continuing irradiation to a new outputv
page.

4 = same as NIRF(4) = 1 except that the first seven lines
of the reactivity and burnup information are set to
zero. Used to begin the decay following irradiation
on a new output page while retaining the average
irradiation parameters.

. C. Allowable number of IRF commands: See remark 1 below.

D. Propagation: None.
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Remarks

1. The total number of IRF + IRP + DEC commands must be .LE.150.

2., TFor this option to be used, the time steps for the current
irradiation and decay sequence must correspond exactly to
those in the previous sequence. The scale factors [-RIRF(2)]
from previous irradiations do propagate.

3. The "reactivity and burnup information" referred to in NIRF(4)
consists of seven lines of data characteristic of an individual
vector (e.g. time,‘infinite multiplication factor, neutron flux)
and three lines containing irradiation parameters (e.g., burnup)
averaged over the range of the BUP commands (Sect. 4.14). Also,
see Sect. 8.2.2. ‘

4. 1Internal ORIGEN2 parameters related to the flux/specific power

calculations are printed on unit 15 (see Sect. 8.2.1).

4.22 1IRP — Specific Power Irradiation

A. Function: Irradiation for a'single interval with the specific power
specified.
B. Data sequence:.
IRP RIRP(1), RIRP(2), NIRP(1l), . . . NIRP(4)
where
IRP = command keyword
RIRP(1) = time at which this irradiation interval ends
RIRP(2) = power level during this irradiation interval
.GT.0 = MW(t) per unit of fuel input
.LT.0 = specific power, MW(t) per metric ton of

heavy metal
(NOTE: Both actinides and fission products
must be present for the specific power option

to work correctly.)
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i NIRP(1) = number of the vector where the material composition at
' the beginning of this irradiation interval is stored

- » NIRP(2) = number of the vector where the material composition at

the end of this irradiation interval is to be stored
time units of RIRP(1l); see Table 4.2

specification of the time at which this irradiation

- NIRP(3)
NIRP(4)

interval begins:
0

starting time is the end of the previous IRF, IRP,

or DEC interval. All reactivity and burnup informa-
tion is retained, and MIRR is not altered. Used for
continuing irradiation/decay on the same output page.

1 = starting time is set to zero. All reactivity and

burnup information is retained, and MIRR is set to
zero. Used for beginning a new irradiation on the
same output page.

e : ! 2 = starting time is set to zero. All reactivity and

; . | burnup information and MIRR are set to zero. Used

& ; to begin a new irradiation/decay on a new page.

= ' 3 = same as NIRP(4) = O except that the first seven lines
of the irradiation information are set to zero. Used
for continuing irradiation to a new output page.

4 = same as NIRP(4) = 1 except that the first seven lines
of the reactivity and burnup information are set to
zero. Used to begin the decay following irradiation
on a new output page while retaining the average

irradiation parameters.
. C. Allowable number of IRP commands: See remark 1 below.
D. Propagatién: None.
E. Remarks:

1. The total number of IRF + IRP + DEC commands must be .LE.150.
2. The "reactivity and burnup information" referred to in NIRP(4)

. consists of seven lines of data characteristic of an individual

vector (e.g. time, infinite multiplication factor, neutron flux)
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and three lines containing irradiation parameters (e.g., burnup) R
averaged over the range of the BUP commands (Sect. 4.14). -
3. Internal ORIGEN2 parameters related to the flux/specific power

calculations are printed on unit 15 (see Sect. 8.2.1). T
4.23 DEC — Decay

A. Function: Decay for a single interval.

B. Data sequence:

DEC DEC(1l), NDEC(1), . . . NDEC(4)
where
DEC = operational command
DEC(1) = time at which this decay interval ends

NDEC(1) = numbef of the vector where the material composition at
the beginning of this decay interval is stored _T

NDEC(2) = number of the vector where the material composition at .
the end of this decay interval is stored .,1

NDEC(3) = time units of DEC(1l); see Table 4.2

NDEC(4) = specification of the time at which this decay interval
begins:
0 = starting time is the end of the previous IRF, IRP,

or DEC interval. All reactivity and burnup informa-
tion is .retained, and MIRR is not altered. Used for
continuing irradiation/decay on the same output page.

1 = starting time is set to zero. All reactivity and
burnup information is retained, and MIRR is set to
zero. Used for beginning a new irradiation on the
same output page.

2 = starting time is set to zero. All reactivity and
burnup information and MIRR are set to zero. Used to

begin a new irradiation/decay on a new output page.
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. 3 = same as NDEC(4) = O except that the first seven lines
. of the reactivity and burnup information are set to

a zero. Used for continuing irradiation to a new

. , ' output page. ,

4 = same as NDEC(4) = 1 except that the first seven lines
of the reactivity and burnup information are set to
zero. Used to begin the decay following irradiation
on a new output page while retaining the average

irradiation parameters.
C. Allowable number of DEC commands: See below.
D. Propagation: None.
E. Remarks:

1. The total number of IRF + IRP + DEC commands must be .LE.150.

2. The "reactivity and burnup information" referred to in NDEC(4)
consists of seven lines of data characteristic of an individual
vector (e.g. time, infinite multiplication factor, neutron flux)
and three lines containing irradiation parameters (e.g., burnup)

averaged over the range of the BUP commands (Sect. 4.14).
4.24 PRO — Reprocess Fuel

A. TFunction: Reprocess fuel into two product compositions.
B. Data sequence:
PRO NPRO(1), . . . NPRO(4)

where

NPRO(1) number of the vector where the material composition that

is to be reprocessed is stored

NPRO(2) number of the vector where the material that is recovered
‘. ' is to be stored. The amount of an isotope of element NE

recovered is given by:

[Mass of isotope NE][f(NPRO(4)].




; NPRO(3)
NPRO(4)
|
|
|
|
|

C. Allowable
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The fraction f[NPRO(4)] is the fractional recovery
of element NE specified by variable NRPO(4) below.
See also Sects. 3.4 and 3.5. ‘
number of the vector where the material not recovered
is to be stored. The amount of an isotope of element

NE not recovered is given by:
[Mass of isotope NE][1.0 - £(NPRO(4))].

number of the set of fractional recoveries which is to
be used in this reprocessing operation. If NPRO(4) is
greater than zero, individual fractional recoveries
(Sect. 3.4) are to be used; If NPRO(4) is less than
zero, group fractional recoveries are to be used (Sect.
3.5).

number of PRO commands: 20

D. Propagation: None.

E. Remarks:

4.25

A. Function:

None.

OPTL — Specify Activation Product Output Options

Specifies which output table types (nuclide, element, or

summary) are to be printéd for the activation products.

B. Data sequence:

OPTL
where

OPTL
NOPTL(I)

I

C. Allowable

NOPTL(1), . . . NOPTL(24)

= command keyword

control character indicating which output table types
are to be printed for the activation products; see
Table 4.6

= table number; see Table 4.3 for output table description

number of OPTL commands: 20

D. Propagationi Until changed.
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N . Table 4.6. Specification of output table t&pes to be printed
) NOPTL(I) ) ‘Table type printed
NOPTA(I) :
NOPTF(I) Nuclide : Element Summary
1 Yes Yes Yes
2 Yes Yes : No
3 ‘ , Yes No - ‘ Yes
4 | No Yes | Yes
5 | Yes ' | No ’ No
6 No Yes No

+ 7 No ' No Yes

T 8 No No No
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Remarks: : _ -

1. The NOPTL(I) must all be on a single card. .

2, 1If NOPTL(l) is less than 1, only a summary grams table is "
printed for all nuclides (including actinides and fission .
products) until new commands (after an STP, Sect. 4.29)

are read.

3. Only the first 24 tables in Table 4.3 are controlled by the

OPTL command.

4.26 OPTA — Specify Options for Actinide Nuclide Output Table

Function: Specifies which output table types (nuclide, element, or

summary) are to be printed for the actinide nuclides.
Data sequence:

OPTA NOPTA(1l), . . . NOPTA(24) ‘ *

where

OPTA
NOPTA(TI)

command  keyword ¥

control character indicating which output table types
are to be printed for the actinide nuclides; see Table 4.6
I

table number; see Table 4.3 for output table description
Allowable number of OPTA commaﬁds: 20

Propagation: ﬁntil changéd.

Remarks:

1. The NOPTA(I) must all be on a single card.
2. 1If NOPTA(l) is less than 1, only a summary grams table is

printed for all nuclides (including activation and fission

products) until new commands (after an STP, Sect. 4.29)

are read. -
3. Only the first 24 tables in Table 4.3 are controlled by the

OPTA command. ‘ -
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- - 4,27 OPTF — Specify Options for Fission Product
s Nuclide Output Table

’ A, Function: . Specifies which types of output tables (nuclide, element,

or summary) are to be printed for fission product nuclides.

B. Data sequence:
OPTF NOPTF(l), . . . NOPTF(24)
where

OPTF = command keyword ‘
NOPTF(I) = control character indicating which output table types
| are to be printed for the fission product nuclidés;
see Table 4.6 ‘
I = table number: see Table 4.3 for output table description

¥ C. Allowable number of OPTF commands: 20
D. Propagation: Until changed.
° E. Remarks:

1. The NOPTF(I) must all appear on a single card.

2. 1If NOPTF(l) is less than 1, only a summary grams téble is
printed for all nuclides (including activation products
and actinides) until new commands (after an STP, Séct.
4.29) are read. '

3. Only the first 24 tables in Table 4.3 are controlled by the

OPTF command.
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4.28 CON — Continuation

by
A. Function: Defines the ranges of the DOL command (Sect. 4.11). _ }
B. Data sequence: : .
CON NCON
where
CON = command keyword
NCON = number of this CON command; must be equal to NDOL(1) for
‘the DOL command which is to be associated with this CON
command
C. Allowable number of CON commands: 2
D. Propagation: None.
E. Remarks:
¢
1. There must be one, and only one, CON command for each DOL command. 7‘
2. 1If the DOL command is removed, the corresponding CON command
must also be removed. ~;
4.29 STP — Execute Previous Commands and Branch
A. Function: Execute the set of commands preceding the STP command.
Then read and execute more commands. .
B. Data sequence:
STP  NSTP
where
STP = command keyword
NSTP = branching control character:
1 = read new miscellaneous initialization data (Sect. 3) and
a new set of commands (Sect. 4), and execute them. .

2 = read a new set of commands (Sect.'4) and execute them.
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f 3 = execute the preceding set of commands again.
E ) ) Additional input data (libraries and initial nuclide
; - concentrations) will be required.
i .‘ 4 = terminate execution (same as END).
C. Allowable number of STP commands: Unlimited.
D. Propagation: None.
E. Remarks: None.
4.30 END — Terminate Execution
A, Function: Terminate execution.
B. Data sequence:
END
“ where

END = command keyword
C. Allowable number of END cbmmands: 1

D. Propagation: None.

E. Remarks: None.
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5. DATA LIBRARIES

_ There are three separate and distinct nuclide lists in ORIGENZ for

~ which nuclear data may be required: the activation products, the acti-

ﬁides, and the fission products. The activation products include the
low-Z impurities and structural materials. The actinides include all of
the heavy isotopes (Z2.GT.90) plus all of their decay daughters, including
the final stable nuclides. The fission products include all nuclides
which have a significant fission product yield (either binary or ternary)
plus some nuclides resulting from neutron captures of the fission products.
For each of these three segments, there are three different libraries that .
may be read: a decay data library (Sect. 5.1), a cross-section and fis-
sion product yield data library (Sect. 5.2), and a photon yield library
(Sect. 5.5). The decay data library gives nuclide half-lives, decay
modes, recoverable heat energy, natural abundances, and toxicities.

The cross—section and fission product yield library gives the cross
sections for (m,Y), (n,2n), (,3n), (n,2), (a,p), and (n,fission) as
effective, one-group reaction rates in barns and the fission product
yields from 232Th; 233y 235y 238y zas?u’ 2»1Pu’ 2450n  and 252cf.

The photon data library gives the photons per disintegration in twelve
energy groups for the activation products and fission products and in
eighteen energy groﬁps for the actinides.

.In addition toithese normal data library input facilities in
ORIGEN2, two additional options may Be used to extend, update, or
correct these libraries. The first of these options (Sect. 5.3) allows
the user to input substitute decay data cards and substitute cross-
section and fission product yield data cards which override the
corresponding data cards.preSent in the main libraries. This option
is particularly useful as am alternative to rebuilding entire data
libraries simply to change one or two items. The second option
(Sect. 5.4) allows the user to.input any flux-dependent reaction rate
between any‘two nuclides. While the user can duplicate the reaction

types available in ORIGEN2 [i.e., (n,Y), (n,2n), (n,3n), (n;a), (n,p),
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(n,fission)], the option is principally intended to allow for the
inclusion of non-standard reaction types such as (n,d), (n,t), and

(n,np).
5.1 Decay Data Library

The first card of each of the three allowable decay data library
segments (activation product, actinide, and fission product) is a title
card containing the number of the decay library segment and the alpha-
numeric title of the segment. Following the title card are the decay
data for the nuclides in a particular library segment. The decay data
for each nuclide are specified on two sequential cards. A description of
the decay library conventions is given in Table 5.1.

The decay data library serves other vitally important functions in
the ORIGENZ code in addition to supplying decay data. The nuclide
identifiers supplied by the decay libraries define the total list of
‘ all nuclides that will be considered in subsequent ORIGEN2 calculatioms.
Thus, if a nuclide is to be used in a calculation, it must be present in
the decay library, even if only the cross-section or photon information
is requifed. The decay library also defines the nuclide membership of
each of the three library segments (activation product, fission product,
and actinide) considered by the ORIGEN2 code. Finally, the decay library
defines the order in which the nuclides will be printed within each
library segment during the normal output. As a result of these considera-
tions, the decay library must be input before the photon libraries (PHO,
Sect. 4.19) or before the initial comﬁositions (INP, Sect. 4.6). The
decay library is automatically read before the cross-section library when

when the LIB command (Sect, 4.18) is invoked.
5.2 Cross-Section and Fission Product Yield Daté_Library

The first card of each of the three allowable cross—section and

fission product yield data libraries (activation product, actinide, and

fission product) is a title card containing the number and alphanumeric
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Table 5.1. Description of decay library .

A. Data sequence:

First card of each library segment: LT

NLB TITLE

First card for each nuclide:

NLB NUCLID IU THALF FBX FPEC FPECX FA FIT FSF

Second card for each nuclide:

NLB FN QREC ABUND ARCG WRCG

where

NLB
TITLE

NUCLID
1IU
THALF
FBX
FPEC

FPECX

FA

FIT

FSF

QREC

the number of this decay library segment

a 72-character alphanumeric segment title beginning in
column 9

a six-digit nuclide identifier corresponding to the
information on these two decay cards (see Sect. 2.7)

time unit designation of the half-life of NUCLID (see b
Table 4.2 for specification) A -

the half-life of nuclide in units given by IU :

the fraction of negatron beta decay transitions that "
resultsin the daughter nuclide being in a relatively
long-lived excited state

the fraction of all decay events which take place by
positron emission or electron capture

the fraction of positron and/or electron capture decay
events that cause the daughter nuclide to be in a
relatively long-lived excited state

the fraction of all decay events which take place by
alpha decay

the fraction of all the decay events of an excited nuclear
state which result in the production of the ground state of

‘the same nuclide

the fraction of all decay events which take place by
spontaneous fission

the fraction of all decay events that are (beta + neutron)
decays (e.g., 898y decays to 88%r + beta + neutron)

the average, total recoverable energy (i.e., does not . ‘
include. neutrinos) released by each decay event, in MeV .o
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Table 5.1 (continued)

the naturally'ocdurring isotopic abundance of NUCLID in

: ABUND =
< atom percent

T ARCG = the radioactivity concentration guide (RCG) for continuous
‘ inhalation of nuclide NUCLID in unrestricted areas as given

in Table II, Column I, of Part 10 of Title 20 of the Code
of Federal Regulations (the lower of the soluble or
insoluble values is used) .

WRCG = the radioactivity concentration guide (RCG) for continuous
ingestion of nuclide NUCLID in unrestricted areas as given
in Table II, Column II of Part 10 of Title 20 of the Code
of Federal Regulations (the lower of the soluble or
insoluble values is used)

B. Number of cards per nuclide: 2
C. Terminate card scan for nuclide NUCLID: Automatic.
D. Terminate reading this decay library segment: NLB.LT.0, one card.

E. Skip reading a decay library segment: Controlled by LIB command
¥ (Sect. 4.18). , :

F. Remarks:

e 1. The fraction of all decay events which take place by negatron
beta decay to the ground state of the daughter nuclide is given
by (1.0 - FBX ~ FPEC - FA - FIT - FSF - FN) and is calculated
internally in ORIGEN2.
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title of the library segment. Following the title card are the cross-
section and fission product yield data for the nuclides in a particular
library segment. The cross-section information for a nuclide is

specified on a single card which, if required, is followed by a card

- containing the fission product yield data. A description of the cross-

section and fission product yield data library conventions is given in
Table 5.2. The cross sections used by ORIGENZ are effective one-group
cross sections which, when multiplied by the flux calculated by or input
ﬁo ORIGEN2, result in the correct reaction rate. The fifth and sixth
parameters on the cross-section card have a dual meaning, depending on
which library segment is being read. If the actinide segment is being
read, then the fifth and sixth parameters are the (n,3n) and (n,fission)
cross sections respectively. If either the activation product or fission
product segments are being read, then the fifth and sixth parameters are
the (n,a) and (n,p) cross sections respectively. The fission product
yield card, which is present only in the fission product cross—section
segment, specifies the yield of each nuclide per fission from each of
eight fissioning species: 232Th, 233U, 235U, 238U, 239Pu, 2“]?u, Z“SCm,
and 2%2Cf. The yields are generally from binary fission, although
ternary fissioﬁ»yields have been included for certain important low-Z

nuclides.

5.3 Substitute Decay, Cross Section, and
Fission Product Yield Data

Substitute decay, cross-section, and fission product yield data
can be read by invoking the LPU command (Sect. 4.20). This procedure
is an alternative to rebuilding an entire data library just to change
a few parameters. It may also be usedlfor parametric studies of output
sensitivity to input data changes. The rules regarding the order and

format of the substitute data cards are given in Table 5.3. This option

is intended for use when the data libraries are on a direct-access device‘

or on tape. Substitute data can also be used if the libraries are on

cards, providing that two different card input units are defined.
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Table 5.2, Description of cross-section and
fission product yield data library

< A. Data sequence:
. First card of each library segment:
' NLB TITLE

First card for each nuclide:
NLLB NUCLID SNG SN2N SN3N or SNA SNF or SNP SNGX SN2NX YYN

Second card for each nuclide (fission product segment only):
NLB Y1), . . . Y(8)

where

NLB = the number of this cross-section and fission product
yield library segment

TITLE = a 72-character alphanumeric cross—~section and fission
product yield library segment title beginning in Column 11

NUCLID = a six—-digit nuclide identifier corresponding to the data
¥ on these one or two cards (see Sect. 2.7)

T SNG = the effective, ome-group (n,Yy) cross section of nuclide
NUCLID leading to a ground state

SN2N = the effective, one-group (n,;2n) cross section of nuclide
NUCLID leading to a ground state; actinide segment only

SN3N = the effective, one-group (n,3n) cross section of nuclide
NUCLID leading to a ground state; actinide segment only

SNA = the effective, one-group (n,a) cross section of nuclide
NUCLID leading to a ground state; activation product and
fission product segments only

SNF = the effective, one-group (n,fission) cross section of
nuclide NUCLID; actinide segment only

SNP = the effective, one-group (n,p) cross section of nuclide
NUCLID leading to a ground state; activation product and
fission product segments only

SNGX = the effective, ome-group (n,Y) cross section of nuclide
NUCLID leading to an excited state of the daughter

SN2NX = the effective, one~group (n,2n) cross section of nuclide
NUCLID leading to an excited state of the daughter

. YYN = a control character indicating whether or not a fission
yield card follows:

YYN.GT.0.0 fission yield card follows

YYN.LT.0.0 = no fission yield card follows
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Table 5.2 (continued) | ?
Y(I) = fission yield of nuclide NUCLID from various fissile -
species, in percent f
I Fissile species -
1 Th-232
2 U-233
3 U-235
4 U-238
5 Pu-239
6 Pu-241
7 Cm-245
8 Cf-249

Number of cards per nuclide: 2
Terminate card scan for nuclide NUCLID: Automatic.

Terminate reading this cross-section and fission product yield
library segment: NLB.LT.O0, one card.

Skip reading this cross-section and fission product yield library
segment: Controlled by LIB command (Sect. 4.18). -

Remarks: None.
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Table’5.3°_ Description of substitute decay, crosé—section,
and fission product yield data

., Data sequence

- 1. Substitute activation product decay data
2. Substitute actinide decay data
3. Substitute fission product decay data
4. Substitute activation product cross-section data
5. Substitute actinide cross-section data

6. Substitute fission product cross-section and yield data
Format

The substitute data cards are free format, and the order of the
data is as described in Tables 5.1 and 5.2.

Remarks

1. The LPU command (Sect. 4.20) used to identify the nuclides
1 for which substitute data are to be read must appear before
- the LIB command (Sect. 4.18) in which the bulk of the library
is read. '

2. The nuclides in each of substitute card groups 1 through 6
: above must be present in the input stream in the same order
in which they are encountered while reading the original
decay libraries. ‘

3. A fission product yield card can never appear alone and must
always follow a cross—section card for the same nuclide.
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5.4 Specification of Non-Standard, Flux-Dependent Reactions -

This option ailows the user to specify flux-dependent (i.e., cross-
section) reactions that cannot be accounted for by using one of the standard .
ORIGEN2 reaction types [viz., (n,Y), (n,p), (n,0), (n,2n), (n,3n),

(n,fission)]. The format of'these non-standard, flux~-dependent reactions
is described in Table 5.4. The number of non-standard, flux-dependent
reactions to be read and the input unit number om which they are to be

read are defined by the LIB command in Sect. 4.18.
5.5 Photon Data Libraries

The first card of each of the three possible photon library
segments is a title card containing the number and alphanumeric title
of the photon library segment. Following the title card are cards
containing the photon production rates per disintegration in a pre-
determined energy group structure for each nuclide. A description of
the photon library format is given in Table 5.5. The predetermined ot
energy group structure is given in Table 5.6. The input of the photon

libraries is controlled by the PHO operational command (Sect. 4.19).

~
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S Table 5.4. Description of non-standard,
B _ flux-dependent reaction data

Data sequence

NPAR NDAUG RATE

where
NPAR = the six-digit nuclide identifier (see Sect. 2.7) of the
parent or precursor nuclide
NDAUG = the six~digit nuclide identifier (see Sect. 2.7) of the

daughter nuclide

RATE = the cross section for the formation of nuclide NDAUG from
nuclide NPAR in units of barns

Formats
One reaction per card.

Remarks

13 , 1. The number of non-standard, flux-dependent reaction cards to
) be input and the unit number upon which they are to be read
are specified using the LIB command (Sect. 4.18).
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Table 5.5. Description of photon library

Data sequence:

First card of each library segment:
NLB TITLE

First card for each nuclide:
NLB NUCLID NGP(1l), RPH(1), . . . NGP(1l), RPH(I)

Subsequent card(s) for each nuclide:
NGP(I+1), RPH(I+1l), . . . NGP(IMAX), RPH(IMAX), -1

where

NLB = the number of this photon library segment

TITLE = a 72-character alphanumeric photon library segment title

beginning in Column 9

NUCLID

a six-digit nuclide identifier for the photon information
on the following card(s) (see Sect. 2.7)

the number of a photon energy group. Twelve groups are
allowed for the activation products and fission products;
eighteen groups are allowed for the actinides. The energy
group structure is given in Table 5.6.

NGP(1)

RPH(I)

photon intensity for energy group NGP(I) in photons per
disintegration

IMAX = the number of NCP(I)/RPH(I) pairs specified must be
.LE.18 E

Number of cards per nuclide: One "first card" plus as many

"subsequent card(s)" as required for those nuclides with non-
zero NGP(I)/RPH(I) data.

Terminate card scan for nuclide NUCLID: NGP (IMAX+1) .LT.0 if
IMAX is less than 18; automatic otherwise.

Terminate reading this photon library segment: NLB.LT.O.

Skip reading this photon library segment: Controlled by PHO
command (Sect. 4.19).

Remarks:

1. Only those NGP(I)/RPH(I) pairs for which RPH(I) is non-zero
need be specified.
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¢ ' Table 5.6. Photon energy group structures for activation
. products, actinides, and fission products

Group energy (MeV)

Group Lower boundary Upper boundary Average
1 .0 2.0000E-02 1.0000E-02"
2 2.00C0E-02 3.0000®-02 2.5000E-02
3 3.0000E-02 4.5000E-02 3.7500E-02
4 4.5000E-02 7.0000E-02 5.7500E-02
5 7.00C0E-02 1.0000E-01 8.5000E-02
6 1.0000F-01 1.5000E-01 1.2500E-01
7 1.S0C0E-01 3.0000E-01 2.2500E-01
38 3.0000E-01 4.5000E-01 3.7500E-01
9 4_.5000E-01 7.0000E-01 5.7500E-01
10 7.00C0E=-01 1.0000E 00 8.5000E-01
11 1.0000% 00 1.5000F 00 1.2500€ 00
12 1.5000E 00 2.0000E 00 1.7500E 00
12 2.0000F% 00 2.50600F 00 2.2500E 00
14 2.5000E 00 3.0000% 00 2.7500F 00
. 15 2.0000F 00 4.0000FE 00 3.5000E 00
. 16 4.0000F 00 6.0000E 00 5.0000E 00
- 17 €.0000®% 00 8.0000F 00 7.0000E 00
18 8.00C0F 0O 1. 1000E 01 9.5000E 00
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6. SPECIFICATION OF INITIAL MATERIAL COMPOSITIONS, CONTINUOUS
NUCLIDE FEED RATES, AND CONTINUOUS ELEMENT REMOVAL RATES

This section describes the options available to the user relative
to the specification of the initial material compositions, the continuous
nuclide feed fates, and the continuous element removal (reprocessing)
rates. The most often used option by far is the specification of the
initial composition of some material (Sect. 6.1). The initial composi-
tion can be specified on either a nuclidé-by—nuclide basis or as the
amount of a naturally occurring element which is present. The amount of
a naturally occurring element is converted to a nuclide-~by-nuclide basis
internally using the natural isotopic abundances input with the decay
library (Sect. 5.1). The amounts of individual nuclides or naturally
occurring elements may be specified as g-atoms or g, depending on the
control characters of the INP command (Sect. 4.6).

The continuous nuclide feed rate option (Sect. 6.2) allows the
user to specify the continuous feed rate of individual nuclides or
naturally occurring elements in units of g/(time unit) (basis unit)
or g-atoms/(time unit) (basis unit). Both the mass units and the time
units are specified by using the INP command (Sect. 4.6). This option
is useful in simulating the continuous feed of nuclides to a fluid-fuel
reéctor (e.g., a MSBR) or to a radioactive waste tank.

The continuous element removal option (Sect. 6.3) allows the user
to specify the continuous removal rates of elements during irradiation
in units of fraction/time unit. The time units are specified using the
INP command (Sect. 4.6). This option is most useful when simulating the
continuous reprocessing which would be expected to occur during the
operation of a fluid-fuel reactor such as an MSBR. If this option is to
be used to calculate»continuous element removal in a situation where
irradiation is not taking place, then a very small neutron flux must
still be specified to allow the continuous element removal option to be

used.

¥

s
[

Y
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6.1 Specification of Initial Material Composition

PR

A. Function: Specify initial amounts of individual nuclides or

t
A 1ty

. ' . natufally occurring elements.
B. Data sequence:

NEXT, NUCLID(1), RCOMP(1l), . . . NUCLID(IMAX), RCOMP(IMAX)
where |

NEXT =.a control character indicating for which segment the
’ information is intended and the type of information:
(i.e., nuclides or elements)
1 = individual activation product nuclides
= individual actinide nuclides
= individual fission product nuclides
naturally occurring activation product elements

= naturally occurring actinide elements

N BN
L]

= naturally occurring fission product elements

NUCLID(I) the six-digit identifier for nuclide or element I
(see Sect. 2.7)
amount of nuclide or element NUCLID(I) initially present.

The units of RCOMP(I) are specified with the INP opera-

RCOMP(I)

tional command (Sect. 4.6).
maximum number of NULCID(I)/RCOMP(I) pairs specified on

;

each card must be .LE.4
C. Terminate card scan: NUCLID(IMAX + 1) = 0 if IMAX.LT.4
D. Terminate reading initial composition: Card with NEXT = 0

E. Skip reading initial composition: Alter control characters of

pertinent INP command or a card with NEXT = O.
F. Remarks:

v 1. If a given nuclide is specified more than once for a single value
of NEXT, all of the RCOMP(I) values for that nuclide on cards

* having that next value are added together to form the initial

- amount of that nuclide in a particular segment.
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2. Initial composition cards with different NEXT values may i
occur in any order as long as the NUCLID(I) and RCOMP(I) _ .
§ values on any given card correspond to the NEXT value on P

1 that card. . ' -
6.2 Specification of Continuous Feed Rates

A. TFunction: Read feed rates of individual nuclides or naturally

.occurring elements.
B. Data sequence:
NEXT, NUCLID(I), RRATE(1l), . . . NUCLID(IMAX), RRATE(IMAX)
where

NEXT = a contfol character indicating for which segment the
information is intended and the type of information:

= individual activation product nuclides

= individual actinide nuclides

= individual fission product nuclides

naturally occurring activation product elements

= naturally occurring actinide elements

N s~ W
]

= naturally occurring fission product elements

NUCLID(TI) the six-digit nuclide identifier for nuclide or
element I (see Sect. 2.7)

the feedvrate of nuclide or element NUCLID(I). The
units of RRATE(I) are specified with the INP command
(Sect. 4.6).

IMAX = maximum number of NUCLID(I)/RRATE(I) pairs specified

on each card;blMAX'must be .LE.4

RRATE (I)

C. Terminate card scan: NUCLID(IMAX + 1) = O if IMAX.LT.4

D. Terminate reading continuous feed rates:  Card with NEXT = 0
/

E. Skip reading continuous feed rates: Alter control characters of

pertinent INP command or a card with NEXT = 0.
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- F. Remarks:
. 1. If the feed rate of a given nuclide is specified more than once
- : for a single value of NEXT, all of the RRATE(I) values for that

- nuclide on cards having that particular NEXT value are added

together to form the total feed rate for nuclide NUCLID(I).

2. Continuous feed rate cards with different NEXT values may occur
in any order as long as the NUCLID(I) and RRATE(I) wvalues on

any given card correspond to the NEXT value on that card.

6.3 Specification of Continuous Reprocessing Rates

A. Function:

Read continuous element removal rates during irradiation.

B. Data sequence:

Group 1 (one card set)

RREM(1), NPROS(1), . . . RREM(M), NPROS(M), . .
RREM(MMAX) , NPROS(MMAX)

T . Group 2 [MMAX card sets (M = 1 to MMAX)]
NZ(M,1), . . . NZ(M,N), . . . NZ[M,NPROS(M)]
where |
RREM(M) the first-order remdval’rate of elements NZ(M,1) through

NPROS (M)

~ - NZ(M,N)

NZ[M,NPROS(M)]. The units of RREM(M) are specified with
the INP command (Sect. 4.6).

the number of elements in card set M of Group 2; that is,
the number of elements which have a continuous removal
rate equal‘to RREM(M).

the number of continuous reprocessing rates to be read.
Also, the number of card sets in Group 2. MMAX is

specified as NINP(4) using the INP command (Sect. 4.6).

= the two-digit (e.g., He = 02) atomic number of an

element with removal rate RREM(M).
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Terminate card scan: Implicit in input information.

Terminate reading continuous reprocessing rates: Implicit in input

information.

Skip reading continuous reprocessing rates: Alter control character

of pertinent INP command.

‘Remarks:

1. Continuous element removal will occur only during irradiation.
If continuous removal is desired iﬁ a situation where no neutron
flux is present, use the IRF command (Sect. 4.21) with a very
small flux.

SO

]
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7. ORIGENZ INPUT DECK ORGANIZATION

Sections 7.1 through 7.3 describe the order in which the data
discussed in Sects. 2 through 6 are organized in the card input deck.
Section 7.1 describes the organization of the sourée and object card
decks that comprise the ORIGEN2 code. Section 7.2 describes the
organization of the ORIGEN2 card data input deck, assuming that the
nuclide data libraries (Sects. 5.1 through 5.3) are on cards. Section 7.3
is similar to Sect. 7.2, except that the nuclide data libraries are

assumed to be on tape or direct-access-device files.
7.1 Source and Object Deck Organization

This section describes the organization of the ORIGEN2 source and
object card decks. The general form of the ORIGEN2 code card deck is
given in Table 7.1.

The recommended mode of operation, which is reflected in Table 7.1,
is to place object decks of all ORIGEN2 subroutines, except MAIN, on
either a tape or a direct-access device. During normal operatidn,of
ORIGEN2, MAIN would be recompiled each time the code is used and would -
be the only [FORTRAN subroutines] present in the Table 7.1 input deck
scheme. MAIN is recompiled to facilitate use of the variable dimensioning
option. No [object deck(s)] would normally be present, and only the
INCLUDE HEX card and the overlay cards would be used. The [OVERLAY
statements] are not required. They do, however, considerably reduce
the size of the final executable module.

A somewhat less common situation occurs when the user wishes to make
changes in selected object subroutines that have previously been stored
on tape or a direct-access device. In this case, the revised FORTRAN
and/or object subroutines are also included in the card deck in the
appropriate place, as indicated in Table 7.1. The subroutines on cards

will automatically be substituted for those on the tape or direct-access

device.
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In the hopefully uncommon situationvwhere the entire ORIGENZ code
is on cards, the //LKED.HEX . . . and INCLUDE HEX cards are omitted.

7.2 ORIGEN2 Input Deck Organization — Nuclide Data
Libraries on Cards

The organization of the ORIGEN2 input deck, assuming\that the decay,
cross—-section, fission-product yield and photon data libraries are om
cards, is given in Table 7.2. A summary of the input deck order is as

follows:

control cards defining input/output units;
miscellaneous initialization data changes;
ORIGEN2 commands;

decay data library;

cross-section/fission yield data library;
photon data library;

initial nuclide compositions and continuous feed and
reprocessing rates;

substitute decay, cross-section, and fission-product
yield data;

non~standard, flux-dependent reactioms.

It is important to note that all of the nuclide data libraries read with
the LIB command (Sect. 4.18) must be read on the same input unit. A
similar statement can be made about the data libraries read with the PHO
command (Sect. 4.19), although the units defined by the LIB and PHO
commands may be different. The substitute data and non-standard reaction

data can be read on a unit different from that used by the LIB data

libraries.




82

(00ZE=AZISN1E C08="TOHY'

‘gd=WIDTE) =900 * (SSVd ‘MAN) =dSId

_ ¢ 3tun *(aSTa° (05 °0S) “00Z€) =HOVAS
uo pesax indul 103 adeds Lieiodusy ‘dWAL=NSA ad T0040S1d'09//
UOTIBWIOJUT UOEIOIS-5S010 ITqRTIBA ARNd da TO049TLI09//
uofjemzoyur Sugs8nqeq XNA a4 TO0ASTIA 09/ /
s3u93uU0D
Jo @1qel TT ITum 303 JTun JUTIg ARRNA ad T004€TIA09//
. sju23uoD
3o 9Tqe3 9 JITUN I0J JFuUn JULIg V=L00SAS QQ T004ZTii°09//
3TUn jutad 93jeuraITy AWWOA ad T004TITIA°09//
2s®d syl ujl posn jou $adeq
10 jsTp woxay Indut L1eIqIT UOlIOYJ NNA ad 10030TLA°09//
Ised STYI
utr pesn jou {odel 10 }STp Woid
Induy A£1BIQF] UOFIO8S-8S5010/4LeI3Q XWWNA ad 10046014 °09//
. (ST°y *3099)
uoriTsodwod Teiiajew ® 33FaAM ARRNa ad T004L014°09//
3tun jurad Tedrourag V=1010SXS Q@ T004901d°09//
(5% *399g)
adel 10 ¥sTp uo suorirfsodwod Indut XWWOd dd T004%01d°09//
€7 92149e] UOTIRDTITO9ds JTun Inding
p2qtaosap SJUdWUOY) yoop induy
CRELLY
(s)uotiooesg
Sp1eo uo0 9ae SIFABAQIT 9yl uaym uorlezyuedio nduy ZNIOIYO °7°/ OT9eL




83

*(81°% °3095) puesmmod gI1 9yl jo
siojsweied oy3 uo SBuypuadap ‘jJuessaad
aq jou Kew ([- P@IBTOO0SSE ATAYJ
Surpnyouy) SoIXeiIqIT 9§98yl JO SWOS

. .HI.
[£2eaqTT ®3ep 3I0oNnpold uolssTd]

.H|
[£ieaqTT B3Bp ABOOP OPTUTIIOV]

Hl
[£aeaqrr
elep Keoap jonpoxd UOTIBATIOV]

1°S ‘g1°Y K3viqyy eaep Aeooq
_.muw: juesaxd oie puBWWOD Pud dYl IO
(6Z°% °31995) puewmod IS ISITI 33
9 Sugpniouy pue o3 dn spueunnod A{uQ [spueumod ZNAHTUO)
spusumod gZNJIId0
.ﬂl.
[dTysisquom
9°¢ paagnbax 1~ ¢3juessid 9q jou pIdu eIR(Q dnoa3 juswore 3TNEI9P SPTIABAQ]
.—...I
. [s@1a®A0D91 TeRUOTIORIJ
G°¢ paarnbax - {3u9ssid aq jou paIsu eIE( dnoi8 jusmate JTNeISP OPTAIBAQ]
..H-l
: [se113A0091 TERUOTIORIJ JUSWSTD
UM poagnbax T- $jussoiad 3q jou pIsu eieq TENPTATPUT ITNEIIP OPTIABAQ]
B1Ep UOTIEZTI[E1ITUL SNOSUBT[998TH
poqraosep sjuLWo) ¥o9p anduj
CRELTY
(s)uotraodag

(Penuyauod) Z°/ °TqEL




84

*quasaad ST 3T I9YIaYMm pue (gT°H °1998)
puemnod QH4 94yl Jo sa9jysuexed

ay3 uo Surpuadap Quosaid aq jou

Aew sO9TABAQIT 989yl JO [I® IO Suog

AL

[£xeaqrT

eajep uojoyd jonpoad uorssti]
._”l

[£aeaqTT ®awp uoloyd opTUTIOV]
I

[£xeaqrT

elep uojoyd 3onpoid UOTIBATIOV]

G*°¢ ¢ 6T°Y S2TIelqTT BIBP UOIOYq
.Hl
[£1eaqTIT ®BaEp
U0T31098-88010 3onpoad uoissTi)
.HI
_ [£1e2qT1T
B3lEp UOTID9S-SS0ID SPFUTID
*(81°% °309g) pueummod gI7 SY3l jo. P H PTUTIOV)
slajowexed ayjl uo Surpusdap ‘yussaad 1-
9q jou Kew (- polvioOSSE I1T9AY] _ [£1eaqTT eaep
duypniour) s8TABIGTT 989yl JO WO UOTIV9S-88010 0npoad UOTIRATIOV]
7°¢c ‘gI'Y §OTAEIqI] BIEP UOTIOO6-8501)
paqraosap S3USWWOY) yoap andug
axaym _
(s)uorioeg

. (penutiuod) z°/ 91qe]




85

€°9 ‘9°%

*UOTINDOXDI IJJRUTWAD] posn

ST pueumod JIS ou X0 (DA dISN) 3II
‘ugeSe spuewmod ZNIHTHO

ButasTxa 9noaxa ‘(g DA JISN) II
*93INDIXd pur SpuLUMOD

INEOINO0 mou peax ‘(7 DE°JISN) 3II

*SpuUBIMIcY M3U IINOIXD pue ¢ gpusumoDd
INEDI¥0 Mou peax ‘ejep anduf snos
~UBTT32STW Bwn peax *(T1°Dd°dISN) II

dols 1o youwag

¥ Q4 T00JE0LA 0D//

_ [sotaeaqry
elep Aeosp YITMm Indur updsg]

[ea0qe spueumod
TNEDIN¥0 Y3tm Induy urdeq]

[2a0qe ®iED
snoaue TaosTW Yirm Indur urldag]

*/

[s93Ba TeAOWS1 JUAWDTS SNONUTIUOY]
0
[s9381 p9og
2°'9 ‘9°% JUSWITS X0 IPFIONU SNONUTIUO)]
. 0
1°'9 ‘9°¢ [ssewm juswaTe 10 IprIoNU TETITUT]
§9381 [PAOWDI pue
8938l poo3 ‘vOTITSOdWO)
pagqraosap S3UIOY yoop andug
a1aym
(s)uorad9s

(penutiucd) z°/ STqel




86

7°G ‘81°Y

(8T'% *3998)
pueumo? gIT 24yl Jo sa9jsweaed
uo Buypuadap ‘quassid aq jou LeR

SuoT3oe21 pPIBpUB]S—UON

[suotioeax
juspuadap-xnT3 ‘paepueis-uoy]

[e1ep
UOT3098-85010 10npoad uoyssti]
*U0T303s STY] 10J poasu Y3 [e3ep UOTIOOS8-8S0ID BSPTUTIOV]
Surieutwire ‘A1e1qry o3eridoadde’ [e3ep
°43 Ut paoerd ATTERUTE °q uEd U0T3098-55010 3onpoad uorlLATIOV]
59IN3TI8qNS 2§9Y] “Spaed uo aae _
SOTABRIqTT 243 JI °(8T°H °*1098) [eaep Leoop 310onpoad uofsstg]
puewmiod gI'7 9yl jo siaisuered .
oyl uo Buypusdep ‘qussaid aq . [e3ep £eosp opruTIOV]
j0u Aew e3jep 9soyl JO B 10 DWOG [ejep Leoop jonpoad uoriwAalloy]
02y ‘8T §Ep o3nI1I5qng
pPaqraIossp $3USUMIOoY) yoop Induy
azaym
(s)uor309sg

(ponup3uod) 7'/ o1qe

//
*/



87

7.3 ORIGEN2 Input Deck Organization — Nuclide Data Libraries
on Tape or a Direct-Access Device

The orgénization of the ORIGEN2 input deck, assuming that the decay,
cross-section, fission product yield, and photon libraries are on tape
or a direct-access device, is given in Table 7.3. A summary of the
input deck order is as follows:

control cards defining input/output units and data

library files;
miscellaneous initialization data;
ORIGEN2 operational comménds;

initial nuclide compositions and continuous feed
and reprocessing rates;

substitute decay, cross-section, and fission product
yield data;

non-standard, flux-dependent reactions.

As in Sect. 7.2, it is important to note that all of the nuclide data
libraries read with the LIB command (Sect. 4.18) must be read on the

same input unit. A similar statement can be made about the data libraries
read with the PHO command, although the units defined by the LIB and PHO

commands (Sect. 4.19) may be different. The substitute data cards must

be read on a different unit from that used by the LIB data libraries.
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8. DESCRIPTION OF ORIGEN2 INPUT AND OUTPUT

This section presents and describes a specific ORIGEN2 calculation.
The example calculationally irradiates fresh 3.2%-enriched uranium oxide
fuel and the cladding associated with the fuel, reprocesses the fuel,
and then decays the high-level and cladding wastes. Other instructions
that do not meaningfully contribute to the calculation have been included
for demonstration purposes.

Section 8.1 describes the ORIGEN2 input deck that is listed in
Appendix A. Section 8.2 contains a generic description of ORIGEN2 output,
which is necessary because of\ﬁhe apparent difficulty many users experience
when tfying to read ORIGEN2 printout. Section 8.3 describes representative
portions of the output (listed in Appendixes B-F) resulting from execution

of the input deck described in Sect. 8.1.
8.1 Description of Sample ORIGEN2 Input

The sample ORIGEN2 input deck described here is listed in Table A.1l
of Appendix A. Except for the first few cards (which are dictated by
local computer conventions), all of the cards necessary to perform the
specified calculations are present, assuming that ORIGEN2 exists as an
object deck on a direct-access device or tape. In the discussion to
follow, specific cards in the input deck will be referred to by the
card number given in the left-hand column in Table A.1l.

Cards 1 through 5 call for the cataloged procedure in which a
FORTRAN program is compiled (optimizing compiler), link-edited, and
executed. Cards 6 through 89 constitute "MAIN" (see Sect. 2.1); they
are the only parts of ORIGEN2Z that are present in the FORTRAN language.
These cards are a specific case of the general version of MAIN shown in
Fig. 2.1 and correspond to case 1 in Table 2.2. The most significant
aspects of MAIN are described on the comment cards contained in the
listing in Table A.1l.
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Following MAIN on cards 90 through 105 is a series of job control
cards for ORIGEN2. Cards 91 and 92 point to the compiled subroutines of
ORIGEN2 (i.e., the object module), which reside on a direct-access device
in this example. Card 93 points to the OVERLAY statements, which are used
to arrange the ORIGENZ subroutines in a space-minimizing configuration.

The OVERLAY statements are also stored on a direct-access device and are

listed in Table A.2 of Appendix A. Cards 95 and 96 point to the decay

and cross-section/fission product yield libraries that are stored on a
direct-access device. The data sets ére concatenated to prevent ORIGEN2
from encountering an end-of-file when it begins to read the cross-section
data. ORIGEN2 will continue if the cross-section data set is not concat-
enated (i.e., the cross-section data set is given as GO.FTO9F002 DD, etc.).
However, in this case, an error message will be printed. Card 97 points
to the photon library, which is stored on a direct-access device. Cards
98 through 102 and 105 point several ORIGEN2 output units to the line
printer (see Sect. 2.5). Unit 6 is automatically pointed to the line
printer by the ORNL operating system and must be included explicitly on
systems where this is not done. Card 94, which is the output unit for the
PCH command, is pointed to the card punch. Cards 103 and 104 define the
scratch data set to which SUBROUTINE LISTIT (see Sect. 2.6) writes the
input data read on unit 5 while they are also being listed on unit 6.
Cards 106 through 290 constitute the input to ORIGEN2 that is read
on unit 5. Only the highlights of the input on unit 5 will be discussed
since many of these cards result from straightforward application of

the commands in Sect. 4. Cards 107 through 113 override various of

the fractional reprocessing recoveries, as described in Sects. 3.4 through
3.6. Cards 125 through 128 are the LPU commands that indicate the
nuclides for which substitute data are to be provided. The first LPU
command is associated with thé first negative library identifier on the
LIB command [(card 129), i.e., the fission product decay library (library
identifier = -3)]. The second LPU command is associated with the second
negative library identifier (viz., -21), and so forth. The substitute
data cards are to be read on unit 3, as indicated on the LIB card.
Additionally, the LIB command calls for two non-standard reactions to

be read on unit 3. Cards 134 through 142 read various input material

compositions and store them in storage vectors. Cards 143 through 158
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constitute the irradiation of the oxide fuel material, with specific

power being specified. Two aspects of this section should be noted:

(1) the use of the BUP commands (cards 146 and 158) to define the steps in
which the characteristic burnup is to be determined; and (2) the use of
the right portion of the IRP commands for comments, which is permitted

on all cards after the last required character. Cards 159 through 162

.output the results of the fuel irradiation. The OPTn commands result in

only the gram summary tables for all three output segments (activation
products, actinides, and fission products) being printed along with all
nuclide aggregations for the activation product curies table (see

Sect. 8.2 for a more detailed discussion). Cards 166 and 167 are
superfluous for the purposes of this calculation. They have-only been
included for the purpose of déscribing the output they produce on unit 15,
and will be discussed further in Sect. 8.3.4. Cards 168 through 186
irradiate the fuel cladding material by specifying the flux level;
however, since the flux is given as -1.0, the flux actually used is

taken from the appropriate step of the fuel irradiation above. Cards

191 through 194 write several vectors in a format suitable for input to
ORIGEN2 at a later date. Card 195 temporarily halts the reading of the
ORIGEN2 commands and begins execution of those already read. The "2"

in the STP command indicates that when execution of the preceding
commands is complete, new commands, but not new miscellaneous initiali-
zation data, are to be read. Cards 196 through 226 define the input
material compositions read by the INP commands on cards 134 through

142. Note the use of comments on the right portion of the cards and

the zeroes (first character on card) that terminate the execution of
each INP command. Card 227 begins the new set of commands required by
the previous STP command. Cards 230 through 232 again read decay, cross-
section/fission product yield, and photon libraries. No additional job
control cards are required becaqse the units are rewound after the
libraries have been read. Cards 234 through 240 reprocess the fuel

to generate the high-level waste (HLW) composition as well as the
composition of the fuel residual in the cladding. Cards 243 through

265 and 266 through 288 constitute the decay and output of the high-level

ol
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s waste and cladding waste. Note that this information is being output
on both units 6 and 11 by the use of two OUT commands for each waste.
Card 289 indicates that, after execution of the previous commands, the
rjob is completed.

Cards 291 throﬁgh 306 contain the unit 3 input to ORICENZQ Cards
292 through 300 contain the information to override data in the libraries
being read from a direct-access device on unit 9 (see Sect. 5.3), and
their presence is required by cards 125 through 128. Cards 301 and 302
contain the two non-standard reactions (see Sect. 5.4) required by the
first LIB command (card 129). Cards 303 through 306 contain the substi-
tute data for the second set of LPU/LIB commands (cards 230 and 231).
‘Note that only the decay information is required since only the decay

libraries are being read.

8.2 Generic Description of ORIGEN2 Output

Previous experience has shown that man& people have difficulty in
- reading ORIGEN output and, because of the greater number of output
. ~ units and table types, even greater difficulty with ORIGEN2 output.
The principal problem appears to be in finding the correct table in
the generally massive amount of output produced by ORIGEN2. This
section represents an attempt to alleviate the problem by giving a
generic description of the organization of ORIGEN2 output. Section 8.3
will describe in detail the sample output in Appendix B.

ORIGEN2 output is arranged in a hierarchical form containing four
levels. Thus,.the first objective is to establish the overall (first-
level) organization of the output. This is done in Sect. 8.2.1. Next,
in Sect. 8.2.2, the principal component of the first-level organization,

which is called an "output grouping," is dissected. Finally, in

Sect. 8.2.3 a single ORIGEN2 output page is analyzed.
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8.2.1 Overall organization of ORIGEN2 output

The overall organization of a typical ORIGENZ output is summarized
in Table 8.1. The overall organization contains the first level of | by
the output hierarchy and, in some cases, the second level. Most of the
~output in the first level is relatively short, with the exception of the
"Output N," which will be discussed later.

The card input echo is simply a listing of the input read on the
card reader. This function is controlled from MAIN (see Sect. 2.6), and
the unit numbers can be changed readiiy by changing the calling arguments
to SUBROUTINE LISTIT.

The listing of the miscellaneous input data, the ORIGENZ commands,
and the data libraries is to ensure that the information read by ORIGEN2
was received properly. The listing of the most voluminous of these three
items, the data libraries, can be controlled by the LIP (Sect. 4.16)
command. The details of these data are containéd in the sections
" indicated in Table 8.1 and will not be discussed further here.

The output tables, which generally comprise the largest fraction of
the ORIGEN2 output by far, will be discussed in detail in Sect. 8.2.2. H

'All of the information printed on unit 6 is numbered sequentially
by page. The table of contents printed on unit 12 lists the various
types of information printed in the ORIGEN2 output and the page where
each begins. It is hopéd that this device will minimize the amount of
searching required to find a particular piece of information in a large
volume of output.

The variable cross-section information printed on unit 16 gives the
values of each of the cross sections that vary with burnup for each irra-
diation step. Several types of data are given, including (1) the list of
isotopes and cross sections (i.e., capture or fission) that are varying,
(2) the previous and current cross-section values, (3) the location of
the values being varied in the ORIGEN2 arrays, (4) the location of the
fission product yields that must be altered when fission cross sections

‘are changed, (5) an indication of the burnup anticipated for the current

irradiation step (this is what the variable cross sections depend on),
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5 Table 8.1. Overall organization}of ORIGEN2 output

= Séction where

E N Description of output ' Unit?. described

i -

i Card input echo 6 8.2
Miscellaneous input 6 3

Fission neutron yield per neutron-induced
fission

(alpha,n) neutron production rate

Fission neutron yield per sgpontaneous
fission

Individual-element fractional reprocessing
recoveries

Element-group fractional reprocessing
recoveries

Assignment of elements to fractional
recovery groups

Elemental chemical toxicities

Listing of ORIGEN2 commands 6 4
Data libraries 6 5
Decay

Activation product segment
Actinide segment
Fission product segment

Cross section
5 : Activation product segment
‘ Actinide segment
Fission product segment

Photon
Act ivation product segment.
Actinide segment
Fission product segment

output 17 , 6 8.2.1
output 2” 6 8.2.1
Output N 6 8.2.1
Table of contents 12 8.2
Variable cross-section information 16 8.2
Debugging and other internmal information 15 8.2

aAssuming that the unit assignments given in Table 2.3 are used.

bSee Table 8.2 for a description of the organization of each output
grouping. '

~Note: 1If an STP command (see Sect. 4.24) is used, the output after
"Output N" in the above table will begin with miscellaneous input
(NSTP=1), ORIGEN instruction listing (NSTP=2), or OQutput N+l
(NSTP=3).
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and (6) an indication of which actinide isotope with direct fission
product yields is being used to account for those actinides (i.e., 237Np,
240py, etc.) that do not have a direct fissidn product yield.

The debugging and other internal information that is printed on
unit 15 is generally most useful in monitoring the progress of the calcu-
lation. The execution of each command begins with the printing of a
one-line message that indicates the number and type of command being

executed. Other information that is printed here includes:

1. parameters related to the calculation of the flux by an IRP
. command (Sect. 4.22),
2. the average recoverable energy per fission for each irradiation
step,
3. parameters calculated during the execution of a FAC command
(Sect. 4.4), and
4., parameters calculated during the execution of a KEQ command
(Sect. 4.10). _
The information discussed above generally constitutes the output in
a typical ORIGEN2 calculation. However, under conditions where an
extremely large amount of output is desired, it may prove useful to
direct a limited amount of the output to unit 6 and the majority of
the output to unit 11. Unit 11 could be a direct-access device, tape,
or microfiche writer. In any case, the output directed to unit 11 will
be the Outﬁut N information, and unit 13 will be the table of contents
for unit 11.
Finally, there is one type of ORICENZ output which, although
rarely generated, can be very useful for some debugging purposes.
This output is a listing of the "matrix" of reaction rates that are the
parameters in the différential equations being solved by ORIGEN2 and
that connect each isotope with its parents and progeny. This output,
controlled by the LIB command (Sect. 4.17), would require roughly 75
pages for an ORIGEN2 calculation that includes all nuclides.

i ¥
e Ty
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8.2.2 Description of the organization of an output group

The organization of the information contained in one of the Qutput N .
sections in Table 8.1 is summarized in Table 8.2. This will be called
an "output grouping" henceforth. An output grouping results from the
execution of one OUT command (Sect. 4.5). The output grouping contains
the second, third, and fourth levels of the ORIGEN2 hierarchical output.

An output grouping can contain six second-level sections: reactivity
and burnup data, an activation product segment, an actinide segment
(including daughters), a fission pfoduct segment, neutron emission rates,
and photon emission rates.

The reactivity and burnup data consist of less than one page of
information summarizing the fluxes, burnups, specific power, and infinite
multiplication factor data for each of the vectors being printed. In
addition, the information related to the size of the ORIGEN? case (see

Tables 2.1 and 2.2) is summarized here. The output of this information _

‘can be controlled by the OUT command (Sect. 4.5).

The activation product segment consists of the output of one or more
"table types" containing information for only the activation products.
A table type is characterized by the units of the table, such as mass
(grams), radioactivity (curies), thermal power (watts), or neutron
absorption rate (neutrons/sec). Twenty-four table types are available
in ORIGENZ; these are listed in Table 4.3. The table types that are
printed are controlled by the OPTL command (Sect. 4.25). For each table
type, there are four possible aggregations: nuclide, element, summary
isotope, and summary element. The aggregation(s) that are printed are
also controlled by the OPTL command. The nuclide aggregation lists. the
specified characteristic of each nuclide in each of the vectors being
printed. The element aggregation lists the specified characteristic for
each chemical element in each of the vectors being printed. The summary
aggregations contain the saﬁe type of information as the regular tables
except that only those nuclides (or.elements) which contribute more than
a certain fraction (i.e., cutoff value) to the total for all activation

product isotopes are listed. The cutoff values are specified with the
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Table 8.2. Organization of an output grouping *

Reactivity and burnup data -

Activation product segment
Table type 12

‘Nuclide aggregation
Element aggregation
Summary isotope aggregation
Summary element aggregation

Table type 22

Nuclide aggregation
Element aggregation
Summary isotope aggregation
Summary element aggregation

Table type 242 )

Nuclide aggregation
Element aggregation

Summary isotope aggregation =
Summary element aggregation
Actinide segment K

[same table types and aggregations as for activation products]

Fission product segment ,
[same table types and aggregations as for activation products]

Neutron production rates
(alpha,n) ,
Spontaneous fission

Photon production rates

Activation product segment
Summation tables
Principal contributor tables

Actinide segment
[same aggregations as for activation products]

Fission product segment
[same aggregations as for activation products]

3The table types that are actually printed can be controlled with
the OPTn commands (see Sects. 4.25-4.,27). )

Note: An "output grouping' results from the execution of a single
OUT command (see Sect. 4.5).
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CUT command (Sect. 4.9). It should be noted that some table types, such
as fission rate and alpha fadioactivity, are not applicable to activation
products and cannot be printed.

The actinide segment and the fission product segment in Table 8.2
are very similar to the activation product segment described above and
will not be discussed in detail. The table types and aggregations printed
for the actinides and the fission products are controlled by the OPTA
(Sect. 4.26) and the OPTF (Sect. 4.27) commands respectively. |

- The neutron production rate tables are relatively compact and
straightforward. Each consists of a one-page listing of the neutron
production rates from (alpha,n) reactions for each nuclide in each vector

printed and a one-page listing of the neutron production rates from
spontaneous fission for each nuclide in each vector printed. Both of

these tables are "summary tables" since the contribution of each nuclide
to the total is tested against a cutoff value specified by the CUT
command (Sect. 4.9). If the isotope's contribution is less than the
cutoff, the isotope is not printed.

The final second-level section of the output grouping is the photon
production rates. This is further broken down into an activation product
segment, actinide segment, and a fission product segment. Since the
photon production rate output for each of these segments is substantially
the same, only the activation product segment will be described in detail.
The activation product photon output consists of summation tables and
principal contributor tables. The summation tables list the photon
production rates for each vector printed as a function of 18 photon
energy groups. Summation tables are given in units of photons/sec and
MeV wat:t:-l secnl. The principal contributor tables list the photon
production rates for each nuclide that contributes more than a specified
fraction (i.e., a cutoff value set with the CUT command) to the total

photon production rate for each group.
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8.2.3 Description of a single ORIGEN2 output page

A typiéal ORIGEN2 output page, taken from one of the output groupings,
is shown in Fig. 8.1. The page number, output unit number, and segment
.(i.e., activation product, actinide, or fission product) are given in the
upper, right-hand corner. The page number is correlated with the table
of contents, as mentioned previously.

Next, in the upper left portion of the page, the following informatiomn

is given:

1. the title for this output grouping (specified with a
TIT command, Sect. 4.2);
2. the average specific power (MW per basis unit), burnup

2 sec™V),

(MWd per basis unit), and flux (neutrons cm
the calculation of which depends on the BUP command
(Sect. 4.14); _
3. the aggregation (e.g., nuclide table, element summary
table, etc.) and table type (i.e., radioactivity, curies); and
4, the output grouping basis (specified with a BAS command,

Sect. 4.3).

If no real specific power/burnup/flux information is available, all
parameters are set to 1.0.

Below the output grouping basis, and spanning the entire page, are
the vector headings. Unless altered, these headings will be the irradia-
tion or decay times for the vector. Alphanumeric vector headings can be
inserted by using the HED command (Sect. 4.7).

The remainder of the output page is occupied by the main body of
the ORIGEN2 output information. The leftmost column lists the nuclide
(or.elementl and the remainder of the horizontal line gives the charac-
teristic . (i.e., curies) of that isotope for each of the times or
conditions of each vector.

At the end of each aggregation, vector totals are given. Cumulative
totals [e.g., total activation product (AP) plus actinide (ACT) plus
fission product (FP) curies] for each vector are given at the end of each

table type.
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8.3 Déscription of Sample ORIGEN2 Output

This section describes five different types of sample output produced
by ORIGENZ2: outpﬁt on unit 6, units 12 and 13, unit 15, unit 16, and
unit 7. Since the output from some of these units, particularly unit 6,
can be extremely voluminous, only representative ekcerpts have been
included in some cases. All output described in this section was produced

by the sample input deck described in Sect. 8.1.

8.3.1 ORIGEN2 output on unit 6

The sample ORIGEN2 output printed on unit 6 is given in Appendix B.
There are two principal types of output on unit 6: reactivity and burnup
information,and the ORIGEN2 output grouping. The output grouping, in turnm,
consists of various table types (e.g., watts, grams, etc.) for each of
the nuclide segments (activation products, actinides, and fission products),
_'heutron production tables, and photon production tables.

The sample reactivity and burnup information is given in Appendix B.1,
Table B.1l. The first seven of the ten lines present for all of the output
vectors contain information pértinent to only the output vector to which
it corresponds. The last three lines contain average information for the
entire output. The "SIZE OF MMAX" information tells the number of nuclides
that have a given number of associated nuclear reactions [i.e., MMAX(3)
means that a nuclide has three reactions]. The information below the MMAX
data indicates the size of the problem execuﬁed. This information is
needed to variably dimension. ORIGEN2.

Sampies of the table types that are output for each of the nuclide
segments are given in Appendix B.2, Tables B.2 through B.5. Because of
the length of the output, only the activation product radioactivity table
is included. Table B.2 is the activation préduct nuclide radioactivity
table for the long-term decay of the cladding waste. This table con-
tains the curies of the radioactive nuclides in the cladding associated

with 1 metric ton of initial heavy metal as a function of decay time.

This table is quite long because each of the 684 nuclides is listed,

AU |
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regardless of whether it is significant. Table B.3 is the element
aggregation corresponding to the nuclide aggregation in Table B.2.
Again, all elements are printed, irrespective of their magnitude.

Table B.4 is the nuclide summary table aggregation. Here, only the
most significant nuclides contained in Table B.2 are listed. Finally,
Table B.5 gives the element summary table corresponding to Table B.4.
As is evident, the summary aggfegations are considerably shorter than
the nuclide or element aggregations. However, the summary aggregations
should be used with caution since omission of a nuclide because the
cutoff fraction was too high could require the repetition of a lengthy

(and therefore expensive) computer run.

Appendix B.3 gives sample neutron production rate tables. Table B.6
is the neutron production rate from (alpha,n) reactions. The neutron
production rates are given by nuclide and in toto for the composition in
each vector. Table B;7 is identical except that the neutron production
rates are from spontaneous fission events. These tables are produced
only for the actinides since only theoe nuclides emit significant numbers
of spontaneous neutrons or alpha particles. It should be noted that these
tables are summary tables (i.e., only the most significant isotopes are
output). The neutron production rate totals for each table and for both
tables together are given for the table as output and for all nuclides,
whether output or not, to ensure that no significant nuclides were left
out.

Appendix B.4 contains the sample photon production rate output.
Table B.8 is an example of the photon summation tables, in this case for
the fission products in high-level waste. The upper half of Table B.8
gives the photon production rate in each of 18 energy groups as a
function of decay time in units of photons/sec. Totals are given in
units of photons/sec and MeV/sec. The lower half of Table B.3 gives
the specific energy release rate for each group as a function of decay
time in units of MeV (of gamma power) sec™! [watt (of reactor power)]~l.

Totals are given in units of MeV sec™! watt™! and (gamma) watts. All of

the units, except the specific energy release rate, are per basis unit.
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8.3.2 ORIGEN2 output on units 12 and 13

ORIGEN2 outputs the tables of content for units 6 and 11 on units
12 and 13 respectively. These tables of content are gi&en in Table C.1
(unit 12) and C.2 (unit 13). The hierarchical nature of the ORIGEN2
output is evident in these tables of content, particularly Table C.1. It
is hoped that the use of this output by ORIGEN2 will greatly alleviate
the difficulties many users encounter when trying to find a specific

datum in the sometimes-massive output.

8.3.3 ORIGEN2 output on unit 16

The output on unit 16 is information related to the changing of the
variable actinide cross sections included in ORIGENZ; Sample output from
unit 16 is given in Appendix D. The variable cross sections are altered
by linear interpolation based on the anticipated burnup during the next
irradiation step. Thus, the first output on unit 16 contains parameters
felated to the anticipated burnup during the next irradiation step and.
the weighting factors used in the cross-section interpolation. Then, a
small table is output containing several pieces of information for each
nuclide with a variable cross section. The pieces of information in this

table are as follows:

1. NUCLID: Six-digit nuclide identifier.

2. XSEC TYPE: Type of cross section; 1 = (n,gamma), 2 = (n,gamma)
to an excited state of the daﬁghter, 4 = (n,fission).

3. TOCAP(I), I=: I is the location of the cross section in array
TOCAP, which contains the total neutron absorption cross section.
This is ﬁeaningless for fission cross sections.

4., A(N), N =N is the location of the reaction rate corresponding
to the cross section being varied in the matrix of reaction
rates (i.e., A). '

5. FP YIELD INDIC ARR: Number of the array containing the loca-

tions of the fission product yields that have to be adjusted

when fission cross sections are varied.

v N
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6. TFISS(J): Location of the fission cross section in array FISS,
which contains all fission cross sections.
7. A(N): Value of A(N) for the N in item 4 above; not meaningful
for fission cross sectioms.
8. TOCAP(I): Value of TOCAP(I) for the I in item 3 above.
9. A(N) FP YIELD: Value of A(N) for a-single, arbitrarily chosen
fission product yield; not meaningful if item 5 equals zero.
10. FISS{J): Value of FISS(J)‘for the location in item 6 above.
11. OLD XSEC: Value of the cross section during the previous
irradiation step.
12. NEW XSEC: Value of the cross section during the upcoﬁing
irradiation step.

All of these pieces of informatiomn, in one fashion or another, serve to
indicate whether the routines that vary the actinide cross sections are
functioning properly. Under normal circumstances, this output is not
useful and can be suppressed. Two sequential, variable cross-section
output segments are given in Appendix D so that the movement of the

old and new cross sections can be seen.

8.3.4 ORIGEN2 output on unit 15

A sample output containing debugging and internal information is
given inm Appendix E. This output, which is printed on unit 15, serves
three principal functions. The first function, which is useful in some
debugging situations, is to print a single line of informationvjust
before each command is executed. This output immediately indicates the
command that was being executed when the error occurred. This output
also prints information concerning the number of each command type. With
respect to this latter feature, it should be noted that, for the purposes
of counting the number of commands of a particular type, the IRP, IRF,
and DEC commands are all counted as IRF commands. This means that there
will always be a total of zero IRP and DEC instructionms.

The second function of the oﬁtput on unit 15 is to provide selected
internal information calculated by ORIGEN2. This type of information
is printed for the following commands: IRP, IRF, KEQ, and FAC. The

significance of the printed information is discussed below.
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The information printed for both the IRP and IRF commands is basically

the same. Most of the parameters printed are intermediate values used in

SUBROUTINE FLUXO to calculate the flux when the power is given, or vice

versa. These values will not be described in detail, but the nomenclature
in the unit 15 output is the same as that in FLUXO, so that the interested
user can readily perform the flux/power calculatibn with a hand calculator
if required. The parameters printed on dnit 15 thaﬁ may be of more general

interest are as follows:

TSEC: absolute time at the end of the current irradiation step, sec
DELT: duration of‘the current irradiation step, sec
EPFl, EPF2, EPF3: recoverable energy per fission associated with
the zero, first, and second time derivatives
used in the flux/power calculation, MeV/fission
EPFAVG: average, recoverable energy per fission for this time
step, MeV/fission
FLUX: calculated or specified flux-for the irradiation step,
neutrons sec ! cm™?
POWER: calculated or specified power for the irradiation step,
MW per basis unit

This type of information can be useful as input to auxiliary hand calcula-
tions or in finding errors in some situationms.

The internal information printed for the KEQ command (command number
52 in Appendix E) is related to the calculated neutron production and

destruction rates, the infinite multiplication factors, and fraction of

the allocated material that is included in the final mixture. The

parameters are defined as follows:

NPROA, NPROB, NPROC: relative neutron production rates of vectors
NKEQ(1), NKEQ(2), and NKEQ(3) respectively
, (see Sect. 4.10) .
NDESA, NDESB, NDESC: relative neutron destruction rates of vectors
NKEQ(1l), NKEQ(2), and NKEQ(3) respectively
IMFA, IMFB, IMFC: infinite multiplication factors (= NPROn/NDESn)
of vectors NKEQ(l), NKEQ(2), and NKEQ(3)

respectively
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FRC: (IMFB-IMFA)/ (IMFA-IMFC)
FRD: FRC*NDESB/NDESC

The neutron production and destruction rates are‘relative because they
have not been multiplied by the neutron flux.

The internal information printed for the FAC command is relatively
simple compared with that for the irradiation and KEQ comﬁands. The FAC
output information on unit 15 consists of the value of NFAC(1) on the
FAC instruction and the value of FACTOR[NFAC(1)] (see Sect. 4.4).

The third function of unit 15 is to provide a mechanism for printing
internal ORIGEN2 error messages. There are three general types of error

messages contained in ORIGEN2. The first is related to the size of the

problem being specified. If the specification requires arrays that exceed

the size of those arrays actually present, an error message will be output
indicating the dimension exceeded. -

The second type of message is similar to the first, except it is
the individual command count that is checked. That is, if the number of
a particular command actually used exceeds the éllowable number, as given
in Sect. 4, an error message will be printed. Neither of these two errdr
types will stop program execution.

The third type of error is printed when the command key word defining
the type of command does not match one of the 30 key words contained |
internally in ORIGEN2. In this case, a message will be printed and

program execution will be terminated.

8.3.5 ORIGEN2 output on unit 7

A listing of the sample ORIGENZ output written by unit 7 is given
in Appendix F. This output is generated by the PCH commandsvin the
sample problem listed in Appendix A. The format of the output written
on unit 7 is the same as the ORIGENZIinput format for specifying material
compositions (see Sect. 6). Note that the compositions of four different
materials are listed in Appendix F (viz., fresh uranium oxide fuel, spent

uranium oxide fuel, fresh cladding, and irradiated cladding). Only the

non-zero masses (in g-atoms) are output. The PCH command also outputs
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the average burnup, flux, and power associated with each material on
1

the termination card for each material. These values are required

if the compositions are to be read by ORIGEN2 on unit 4,and are

ignored if the compositions are read on unit 5 (see Sect. 4.6).

Yo
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Appendix A.1: Sample ORIGEN2 Input Deck
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Table A.1. Sample ORIGEN2 input deck:

// EXEC PORTQCLG,PARM.FCRT='XREFY,
// BEGION.FORT=400K,
// PARN.LKED='OVLY,LIST,NAD',
// TEARM.GO='EU=-1,DUMP=I',
// REGION.GO=600K
//FORT.SYSIN DD *
A _ _
CCASE 1 CASE 1 CASE 1 CASE 1 CASE 1 CASE 1 CASE 1
c
10GICAL LONG _
INTEGER*2 LOCA,NOWO,KD,LOC,NGF,NGN,NGR,NYIELD,NONP, NC, ¥NAX,KAD,
$1OCP,NFUDFP
DOUBLE PRECISION CIMN,CSOUNM
DIMENSION XNEW({ 13,1676) ,CORFF( 7,1676) ,NPROD( 7,1676),
$HNAX (1676) , KAP (1676) _
DINENSTON STTFPB{ 10,10),ISTOTI( 10,03),IS( 10),RSTOTI( 10)
DINENSION A (6500) ,LOCA (6500) , NFUDFP{ 880, 32)
DIMENSION DR( 4),ER( 4),FR({ &)
DINENSICN YIELD(3300),NYIFLD( 880) ,RMULV{ 4,3)
DIMENSION ALPHN( 132),NUCAN( 132),NUCSFU( 132) ,NY( 122),YY{ 132),
$FFSF ( 132),FPA{ 132)
COMMON /JUNK/EBRR,IDM(1),ILITE,IACT,IFP,ITOT,ILNAX,IAMAX, IFNAX,
$ITMAX,IZMAX,AXN,Q3IN,PLUX, POVER, INDEX, TFPBAY (4) , IPHNAX
- COMMON /MAINO3/NSTP,ANNUL,ANEXP,NABMAX, ICNMAX,TAPNAX, TFYNMAX
C 1766 WORDS ARE NECESSARY IN /NUDSCR/ BEGINKING WITH S
C /NUDSCR/ IS USED FOR EULTIPLE PURPOSES.
COMMON /NUDSCR/DUNMI( 7,1676) ,0U82( 6,1676),5(2) ,CINN(1676),
$ CSUN(1676) ,NONP {1676) ,NQ(1676) ,XP (1676) ,XPAR(1676) ,XTENP(1676) ,
$ D(1676),AP (3500) ,LOCP (3500) , LONG (1676)
. COMMON /BIG/NUCL (1676),Q(1676) ,PG(0004) ,TOCAP (1676) ,GENNEU ( 132),
$ALPHAN( 132),SPONF({ 132),SPNU( 132),FISS( 132),NUCAB(1676),
$ANDPC (1676) ,WNDC (1676) ,XSTORE( 10,1676),DIS (1676),B (1676),
$ABUND( 450) ,NONO (1676) ,KD (1676),LOC {(6500) ,NGF (1676) ,KGN(1676),
$NGE(7900),GGR (7900) ‘
C DR,ER, AND FR PROVIDE A CONVENIENT AECHANISM FOR INITIALIZING VARIABLE
C NULTIPLIER ARRAY RMULYV.
" EQUIVALENCE (DR(1),RAULYV (1,1)),(ER(1),RMOULY (1,2)),
$ (¥R(1) , RNULY (1,3))
EQUIVALENCE (DUM1(1,1),COBFF(1,1)), (DUN2(1,1) ,NPROD(1,1)),
$ (NONP (1) ,AMAX (1)) , (KAP(1),KQ (1)), (XNEW (1,1) ,DUNT(1,1))
EQUIVALENCE (XP(1),ALPHN (1)), (ALPHN( 132),NUCAN (1)), (FUCAN( 132),
$NUCSPU (1)), (FUCSFO( 132),NY (1)), (NY( 132),¥YY(1)), (YY( 132),
$¥FSF (1) ), (FFSF( 132) ,YIELD (1)), (YIELD (3300) ,NYIPLD (1))
CALL Q105F (6)
C INITYALIZE PAGE COUNTER
NPAGE=IPAGE (0)

L= 10
nx= 13
LC= 7
ILMAX= 700
IAMAX= 132
IFMAX= 880
ITMAX= 1676
IZMaX= 6500

ITHNAX=7900
IAPMAX=3500
IFYMAX=3300
YABMAX= 450
ICNMAX= 3
IFD= 880

LAN= 4

r by

¥ o8

ted

FUR
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Table A.1 (continued)

4 - 63 NYTP=1
s 6% NYTP=0
65 € CALL SUBROUTINE TO READ CARD INPUT FROM UNIT 5, PRINT IT ON UNIT 6, AND
- 66 C WRITE IT ON ONIT 50. UNIT S50 IS THEN REWOUND AND ORIGEN2 READS THE DATA
- 67 C PROM UNIT S50.
- 69 CALL LISTIT(S5,6,50)
. 69 FEWTND 50 ‘
. 70 C MAIN? HANDLES THE NTSCELLANEOUS INITTALIZATION DATA
71 1 CALL MAIN1(NYTF,SFNU,ALPHN,NUCAN,NUCSPU,NY,YY,ANMUL,ANEXD)
72 € YAIN2 READS THE ORIGEN2 CONMANDS
73 2 CALL MAIN2(KSTP)
74 C MAIN3 EXECUTIES THE ORIGEN2 COMMANDS
75 3 CALL NAIN3( )
76 $ LONG,STTFPB,ISTOTI,IS,RSTOTI, LX, %X, LC,IFD,
e/ $NUCAB, NONO, KD, LOC,NGF, NGN, NGB, NYIELD, NONP, NQ, LOCP, N8AX ,KAP,
78 $10CA,NPUDPP, CINN,CSUN, s,
79 $¥uCL,Q, G, TOCA P, GENNEU, ALPHAN, SPONF,SFNU,FISS,ANPC, WNPC, XSTORE,
20 $01S, 8,G6R, YIELD, A ¢ XP,XPAR,XTENP,D,AR,COEPP,NPROD, XNEW,
21 $ALPHN, NUCAN, NUCSPU, NY, YY,FFSF,FFA, ABUND, RNULY,LAN)
82 C THIS "GO TO™ PROVIDES THE MECHANISM POR EXECUTING MULTIPLE PROBLENS WITHIN
83 C A STNGLE JOB.
84 GG TO (1,2,3,4),NSTP
85 4 CONTINGE
86 CALL Q105F (6)
87 STOP 100
84 EED
89 %

90 //LKED.STEPLTIB DD DSH=SIS1.VSPGH,DISP=SHR
91 //LKED.HEX DD DSN=CHENMTEFCH.AGC14198.0208J,DISP=SHR
92 // DD DISP=SHR,DSN=CHEATECH.Q105F.DUANYO

e : 93 //LKED.SYSIN DD DYISP=SHE,DSN=CHENMTECH.AGC14198.020VLY
. 94 //G0.FTO7F 001 DD SYSOUT=B,DCB= (RECFN=FB, LRECL=80, BLKSIZE=3520)
<. ) 95 //GO0.FPTI09F001 DD DSN=CHEMTECH.AGC14198.DECAY,DISP=SHR
96 s/ DD DSN=CHEMTECH. AGC 14198, XPWRYU,DISP=SHR
5 97 //G0.FT10F001 DD DSN=CHEMTECH.AGC14198, PHOTON,DISP=SHR
) 98 //50.FT11F001 DD SYSOUT=A,DCB= (RECFN=VBA,LRECL=137,BLKSIZE=1100)
T 9° //GO.PTI2F001 0D SYSQUT=A,DCB= (RECFN=YBA,LRECL=137,BLKSIZE=1100)

100 //GO.FT13P001 DD SYSOUT=A,DCB=(RECPM=VBA,LRECL=127,BLKSIZE=1100)
101 //50.FT15F001 DD SYSOUT=A,DCB= (RECP¥=VBA,LRECL=137,BLKSIZE=1100)
102 //G0.FT16F001 DD SYSOUT=A,DCB=(RECFM=VBA,LRECL=137, BLKSIZE=1100)
103 //50.FI50P001 DD DSN=EEAGC,UNIT=SYSDA,

104 s/ DCE=(RECPH=PB,LRECL=80,BLKSIZ®=3200),SPACE=({3200, (50,50) ,RLSE)
105 //GO.FTIS1POGT DD SYSOUT=4,DC8= (RECFA=VBA,LPECL=137,BLKSIZE=1100)
106 //GO.FTOSFO01 DD *

107 92 1 0.99

i08 98 1 0.99

109 -1

110 5 10.1

111 -1

112 2 15
113 -1
114 BAS ONE METRIC TON OF PWRU FUEL .
115 RDA =1 = PRESH U FUEL WITH IMPURITIES (1 NT)
116 RDA =2 = FRESE ZIRCALOY COMPOSITION (1 KG)
117 RDA - =3 = PRESH SS 304 COMPOSITION (1 KG)
118 RDA -4 = PRESH SS 302 COMPOSITION (1 KG)
119 ’DA =5 = FPRESH INCONEL COMPOSITION (1 KG)
120 RDA =6 = PRESH NICROBRAZE COMPOSITION (1 KG)
121 RDA - WARNING: VECTIORS ARE OPTEN CHANGED WITH RESPECT TO THEIR CONTENT.
122 RDA . THESE CHANGES WILL BE NOTED ON RDA CARDS.
123 coT 5 0.01 -1
" i LIE 111 . ADR
B 125 LPy 380900 S51370 -1
126 LPU 010030 060140 -1
127 LPO 902320 -1

L 128 LPU 380900 -1
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Table A.1 (continued)

129 LIB 0 12 -3 -204 -405 -206 93-211 .
130 PHO 101 102 103 -
121 OPTL -1 204%8 .
132 TIT INITIAL COMPOSITIONS OF UNIT AMOUNTS OF PUEL AND STRUCT MAT'LS - .
133 ROA READ PUEL CCMPOSITION INCLUDING IMPURITIES (1000 KG) ;
138 INP -1 1 -1-=111

135  RDA READ ZIRCALOY COMPOSITION (1.0 KG)

135 INP -2 1 =1 -1 11 .
137  ®D2 READ SS304 CCMPOSITION (1.0 KG)

138 INP -3 1 -1-111

139  RDA READ INCONEL 718 CONPOSITION (1.0 KG)

10  INE -5 1 -1-111

131 RDA READ NICROBRAZE 50 COMPOSITION (1.0 KG)

142 INP -6 1 -1-111

183 TIT IRRADIATION OF ONE NETRIC TON OF PWRU PUZL

us  %0Y -1 10 1.0

145  HED 1 CHARGE

16  BUP

147 IRP 26.7 37.500 1 2 & 2 END OF THIS STEP=1,000 NWD/NTIHN

148 TRP 66.7 37.500 2 3 4 0 END OF THIS STEP=2,500 MWD/NTIHM

149 IRP 133.3 37.500 3 4 4 0 END OF THIS STEP=5,000 MNWD/MTIHE

150 IRP 266.7 37.500 4 S 8 0 END OF THIS STEP=10,000 NWD/MTIAM

151  IRP #00.0 37.500 S5 6 4 0 END OF THIS STEP=15,000 MWD/BTIHN

152  IRP 440.0 37.500 6 7 4 0 END OF THIS STEP=16,500 NWD/MTIHM

153 IRP 533.3 37.500 7 8 4 0 END OF THIS STEP=20,000 MWD/NTIHNM

154 IR 666.7 37.500 8 9 4 0 END OP THIS STEP=25,000 AWD/NTIHN

155  IRP 733.3 37.500 9 10 &4 0 FEND OF THIS STEP=27,500 NWD/NTIEM

156  IRP 800.0 37.500 10 11 & O END OF THIS STEP=30,000 MWD/NTIAN

157  1IRP 880.0 37.500 11 12 & 0 END OF THIS STEP=33,000 MWD/NTIHM

158 BOP

159  oPTL 8888781888888 888888883883 -
%0 OPTA 88887888888888888888888S8 o
161 OPTF 888 87888888388888888888838 .
162 0UT 12 1 -1 0 ADR

163  RDA =10 = IRRADIATED U PUEL AT DISCHARGE ?
164 KOV 122 -10 0 1.0 ,
165  ®DA- THESE INSTRUCTIONS ARE HERE ONLY TO DEMONSTRATE THEIR USE ’
166 KEQ 10 12 12 3 -1.0

167 FAC 11128 0.0

168  RoA IRRADIATION OF .ZIRCALOY+ INCONEL + NICROBRAZE 50 AT 100% PLOUX

169 . TIT IRRADIATION OF ZIRCALOY+ INCONEL + NICROBRAZE 50 AT 100% FPLUX

170 WOV =2 10 223.0 ZIRCALOY

171 apD =510 12.8 INCONEL

172 apD -6 10 2.6 NICROBRAZE 50

173 apD -3 10 9.94 sSS 304

178 HED 1 CHARGE

175  IRF 26.7 =1.0 1 2 4 4 FEED OF THIS STEP = 1,000 HWD/MTIHN

176  IRF 66.7 -1.0 2 3 4 0 END OF THIS STEP = 2,500 AWD/NTIHN

177  IRF 133.3 -1.0 3 & 4 0 END OF THIS STEP = 5,000 MWD/NTIHN

178 IR¥F 266.7 -1.0 & S5 & 0 END OF THIS STEP = 10,000 NWD/MTIEN

179  IRF 400.0 -1.0 5 6 & 0 END OF THIS STEP = 15,000 NWD/MTIHN

180  IRF 480.0 -1.0 6 7 4 O END OF THIS STEP = 16,500 MWD/NTIEM

181  IRF 533.3 -1.0 7 8 4 0 END OF TEIS STEP = 20,000 MWD/NTIAN

182  IRF 666.7 -1.0 8 9 4 0 END OF THIS STEP = 25,000 NWD/NTIHN

183 IRF 733.3 ~-1.0 9 10 4 0 END OF THIS STEP = 27,500 MWD/NTIHNM

184  IRF 800.0 -1.0 10 11 &. 0 END OP TEIS STEP = 30,000 MWD/NTIHM

185  IRF 880.0 -1.0 11 12 48 0 END OF THIS STEP = 33,000 MWD/MTIHN

186  OUT 122 1 -1 0 , ADR

187  ®pA -2 = FRESH ZIRCALOY, INCONEL, AND NICROBRAZE

188 RDA -9 = IRRADIATED ZIRCALOY, INCONEL, AND NICROBRAZE

189  mov 1 -2 0 1.0 v .
190  xov 122 -9 0 1.0 s
191 pcH -1 =1 -1 ' 2
192  ecH -10 -10 =10 S

193  pCH -2 -2 -2 .
198

PCH -9 -9 -9 &
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Table A.1 {(continued)

- 195 sTP 2
T 196 2 922380 290.0 922350 32000.0 922380 967710.0 0 0.0  PUEL ACTINIDES
i 197 & 030000 1.0 050000 1.0 060000 89.8& 070000 25.0  FUEL IMPUR
;o 198 4 080000 134458.0 050000 10.7 110000 15.0 120000 2.0  FUBL IMPUR
s 199 & 130000 16.7 180000 12.1 150000 35.0 170000 5.3 FURL INPUS
o 200 & 200000 2.0 220000 1.0 230000 3.0 1280000 3.0 FUEL THPUR
oot 201 4 250000 1.7, 260000 18.0 270000 1.0 2800060 28.0 FUEL.IMPUR
Pt 202 & 290000 1.0 300000 %0.3 820000 10.0 270000 0.1 POEL INPUE
é 03 & 480000 25.0 490000 2.0 500000 4.0 640000 2.5  FUEL INPUR
j 208 & 780000 2.0 820000 1.0 830000 0.8 o 0.0 FUEL INPOR
205 0
206 4 400000 979.11 500000 16.0 260000 2.25 260000 1.25 Z2IRC-4
207 & 280000 0.02 130000 0.028 050000 0.00033 480000 0.00025 ZIRC-G
208 8 060000 0.120 270000 0.010 290000 0.020 720000 0.078  ZIRC-4
209 & 010000 0.013 250000 0.020 070000 0.080 080000 0.950  2IRC-4
210 4 160000 0.035 220000 0.020 730000 0.020 230000 0.020  ZIRC-4
211 5 920000 0.0002 0 0.0 : ZIRC-4
212 0
213 4 260000 6€83.45 280000 190.0 280000 90.0 250000 20.0 S5-304
218 4 060000 0.8 150000 0.45 160000 0.3 140000 10.0 55-308
215 & 070000 1.3 270000 0.8 0 0.0 $S-304
216 0
217 & 260000 180.0 260000 190.0 280000 525.0 130000 6.0 INC-718
218 4 060000 0.8 270000 4.7 290000 1.0 250000 2.0 - INC-718
219 & 420000 30.0 070000 1.3 410000 55.53 160000 0.07 INC-718
220 4 180000 2.0 220000 8.0 0 0.0 INC-718
221 0
222 4 260000 0.47 280000 149.5 280000 743.4 400000 0.1 NICR-50
223 8 130000 0.1 050000 0.05 060000 0.1 270000 0.38 NICR=50
228 4 250000 0.1 070000 0.066 080000 0.43 150000 103. 1 NICR=50
. © 225 & 160000 0.1 140000 0.51 220000 0.1 740000 0.1 NICR-50
D 226 0
- 227  ®mAS ONE SETRIC TON OF INITIAL HEAVY NETAL
228 coT -1
< 229 LIP 060
230 LPO 380900 551370 -1
<. 231 1LIB 012-300069301 1
232 pHO 101 102 103 10
233 mov -9 -8 0 1.0
238 RDA *#% REPROCESSING NODULE * =aek *
235 RIa PUEL IS REPROCESSED AT THE TINE SPECIFIED ON THE NEXT CARD
236 DEC 160.0 =10 1 4 g
237  PRO 1 =9 12 -3 CALCULATE 0.05% OF FUEL
238 RO 110 -5 -2 SEPARATE VOLATILES AND PUT IN -5
239  PRO 10 & -2 =1 POUT HLW IN -1
280  PRO 4 -4 -3 -8 DPUT U IN -4 AND PU IN -3
281 BAS ONE TONNE OF INITIAL HEAVY NETAL AT A REPROCESSING TIME OF 160 DAYS
282 ®DA *#% HLW DECAY NODULE *##S4$#kstansihittitsasssstssantsssissasas *
283 TIT DECAY OP HIGH-LEVEL PWR-U WASTE; BURNUP=33,000 NWD/NTIHN
86 mov -2°10 1.0
295 HED 1 * gLW
246  DEC .5 1 3 5 &4
%7  DEC 1.0 3 & s o
48  DEC 3.0 4 2 5 o
209  DEC 0.0 2 3 5 0
250 DEC 30.0 3 & 5 0
251  DEC 100.0 4 S 5 0
252 DEC 3000 5 6 S5 0
253  DEC 1.0 6 7 7 o0
254  DEC 3.0 7 8 7 o
255  DEC 0.0 8 9 7 0
- 256 DEC 30,0 9 10 7 0
S 257 DEC 100.0 10 11 7 0
258  DEC 300.0 11 -8 7 0
359 DEC 1.0 -4 12 8 o0

* L 260 RDA OPT CARDS HERF




261
262
263
254
265
266
267
268
269
270
271
272
73
274
275
276
rynl
278
279
280
281
282
233
23
285
286
287
288
289
290 /%=

122

Table A.1 (continued)
OPTL 3888281888888 688838888188TES
aPTA 8 8868888888888 8838888888S38
OPIF 8 888888388883 8888888818983828
00T -12 1 -1 0 ADR
ouT 121-10 ADR
RDA *%x% STRUCTURAL MATERIAL DECAY MODULE Aeal cleate e e o o ook * B sl e
TIT . DECAY OF PWR STRUCTURAL MATERIAL WASTE: 33,000 MWD/MNTHN
"oV -8 20 1.0 o
RDA FUEL IS REPROCESSED AT THE TIME SPECIFYED ON THE KEXT CARD
DEC 160.0 3 1 44
ADD -9 10 1.0
HED 1 SN+0.05% F
DEC 0.5 1 3 5 4
DEC 1.0 3 4 S 0
DEC 2.0 4 2 S 0
DEC 10.0 2 3 5.0
DEC 30.0 3 4 5 0
DEC 100.0 & 5 5 0
DEC 300.0 S 6 5 0
DEC 1.0 6 7 7 0
DEC 3.0 7 8 7 0
DEC 10,0 8 9 7 0
DEC 30.0 9 10 7 0
DEC 100.0 10 11 7 0
DEC 300.0 11 -4 7 0
DEC 1.0 -4 12 8 0
ouT 12 1t -10 ADR
ogT -12 1 =10 ADR
END

291 //GO.FTO3F001 DD =

292 3 380900 5 30.0 0.0 0.0 0.0 0.0 0.0

293 3 0.0 0.0 0.7 0.0 0.1 0.1

294 3 551370 5 25.0 0.0 0.0 0.0 0.0 0.0

295 3 0.0 0.0 0.1 0.0 1.0 1.0

296 21 010030 0.001 5%0.0 -1.0

297 21 060140 0.01 S5%0.0 -1.0

298 81 902320 3.0 0.00% 0.0001 0.02 0.0 0.0 =-1.0

299 61 380900 0.08 5%0.0C 1.0 . )
300 61 } 0.001 0.004 0.1 0.02 0.019 0.08 0.006 0.00
301 070150 060180 1.5E-04 N1a(N,D PLUS N,NP)C14 CROSS SECTION
202 080160 060140 2.0E-08 016 (N,HE3)C14 CROSS SECTION
303 3 380900 S 30.0 0.0 0.0 0.0 0.0 0.0 0.0

304 3 380900 0.0 0.7 0.0 C.1 0.1

305 3 551370 5 25.0 0.0 0.0 0.0 0.0 0.0 0.0

306 3 §51370 0.0 0.1 0.0 1.0 1.0

307 /s>

308 //

IHC0021

STOP 0
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ORIGEN2 Overlay Structure
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Tab]e_A.Z. ORIGEN2 OVERLAY statements

INCLUDE HEX g
ENTRY HAIN
INSPRT NAIN -
OVEELAY A -
INSERT LISTIT
4 OVERLAY A ~
i _ INSERT MAIN3 : s
: OVERLAY C -
INSERT MAIN1
OVERLAY C
INSERT NAIN2
OVERLAY F
INSERT XSECO1
OVERLAY P
INSERT XSECO2
OVERLAY P
INSERT XSECO3
OVERLAY P
INSERT XSECOU
OVERLAY ?
INSERT XSECOS5
OVERLAY P
INSERT XSECO6
OVERLAY P
INSERT XSECO7
OVERLAY ¥
INSERT XSECOS
: . OVERLAY P
: INSERT XSEC09
‘ OVERLAY P
INSERT XSEC10
OVERLAY P )
INSERT XSEC11 ki
OVERLAY P *
INSERT XSEC12 .
OVERLAY P ,
. INSERT XSEC13 _ 1
OVERLAY P
INSERT XSEC14 >
OVERLAY P
ISSERT XSEC1S
OYERLAY P
INSERT XSEC16
OVERLAY P ’
INSERT XSEC17
OVERLAY P
INSERT XSEC18
OVERLAY P
INSERT XSEC19
OVERLAY P
INSERT XSEC20
OVERLAY C
INSERT ADDMOV
OVERLAY C
INSERT WNUDOC
OVERLAY C
INSERT NUDAT1,DECRED
OVERLAY C
INSERT NUDAT2,SIGRED
OVERLAY C
INSERT NUDAT3,ANSP
OVERLAY C
INSERT PHOLIB
OVERLAY B
INSERT TERND .
OVERLAY D S -
INSERT PLUXO,DECAY, PUDGE
OVERLAY D
INSERT TERM,MATREX,EQUIL
OYERLAY B *a
INSERT OUTPUT w
OVERLAY B
INSERT OOT1
OVERLAY B >
INSERT OUT2
OVERLAY B
INSERT GAMMA
OVERLAY B
INSPRT NUTRCHN




APPENDIX B: SAMPLE OF ORIGEN2 OUTPUT GROUPING (OUTPUT UNIT 6)
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Appendix B.l: Reactivity and Burnup Information
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Appendix B.2: -Sample ORIGEN2 Output Tables for Activation Products




ty table

1vi

Sample ORIGEN2 nuclide radioact

Table B.2.

34

PAGE

6

OUTPUT UNIT =

ACTIVATICHN PRODUCTS

DECAY OF EWE STROCTURAL MATERIAL WASTE: 33,000 MWD/NTHM

BURNUP= 1.00000E 00MWD, FLUX= 1.00E OON/CH**2-SEC

POWER= 1.00000E OOMW,

CURIES
ONE TONNE OF INITIAL HEAVY METAL AT A REPROCESSING TIME OF 160 DAYS

NUCLIDE TABLE:

RADIOACTIVITY,

KY 30. KY 100. KY 1. MY

3. KY 10.

1. KY

YR 10. ¥R 30. YR 100. YR 300. YR

3.

Sr+0.05% ¥

130 . .

32E-08

OOOOOOOOOOOOQ°O°O°O°°°°QO°°OOQQOOOOOOQOOOOOOQOQOOOOO
OOOOOOOOOOOOFOQOQOOOQOOOOOOOOOOOQQOOOOOOOOOOOQOQOOOO

168-08
40E-06

O@OOOOOOOOQOFOQOOOONGOOQOOOOOOOOOQQQOOOOQOQOOQQ@OOQO
OOOQOOQOOOQONOOGQOOmQOOOOOOOOOOOOOOOGOOOOOOOOQQOQOOO

@ o

=3 o

] )

] 2]

- ~

® o
TR R R R NN R e N - - LT - Y - - - -y
e F * © o 3 ¢ & & 9 & 5 & 5 3 5 2 9 ® % & 02 o & » v 2 ¢ & & 9 05 * $ > ® F B ¥ 9 ° 8 4 s s ¢ 9 9 (K ]
OO OO0 OO ONOOOOCONO OO0 C000000000R0000000R0R00OTo0

[--] -

o o

) ]

] ]

o ~

© o

OOOOOOQOOOOONOQOOOOQOOOOOOOOQQOOOOOOOOQOQOQOOOOOOQOO
OOOQOOQOOQQONOOOOOONOOOOOOOOO°°°°°°°OOOOO°°°°°OOOOOO

06E-08

[-X-N-N-¥-E-3-F-N-R-R-N-X-R-N-R-N- - N-R-N-R-R-g-R-N-N-A-2-A-R-2-J
? © 9 % ¢ 2 6 5 S ¥ 8 T S B P E O T R O S U S SS9 s Sy
[-X-¥-X_-X-N-E-N-¥-F-X-N-F N N-R-E-R-R- RN N-R-R-R- R N-F_N- -4

OOQOQOOOOOOONOQOGOO
9 0 0 v 20
OQOOQOOOOQOONOQOOG

39E-01 6.5“73~01

0E-26
08E~-08

™~

QOMOOQOOQQOONOOQOQQNOOOOQOOOOOOOOOOOOOOQOOOQQOOOOO@Q
* 000

OOM’)°°°°¢°°°°NQOOOOO@OOOQOOOOOOOOOOOOOOOQOOOOQOOOOOOO

3E-09
09E-08
6E-01

o ~
-X-X X -F-F . N -F-N-F-R .Y N X X-N_-F_-E_ ¥R -B_N_-K-X.N_ R.N-N-N_ N -N_N_-N-N_-N_-R-3-N-J-N-R_-N_N-R-R-¥-R_-N-R-J-N-N._J
* ¢ 6 ® 9 5 P ® ¥ P S T B S & ¢ &£ ® P * B O 6 & § ¥ B BN O 9 B B O T B O O & O W P OB B B OB G P N
[-X-R'-R.N_N.-N.- N N-N_-N_ Y ¥ ¥_N_F-N_Y_ N N N _N_N_Y-F_R-N-N-N. ¥-F-N-F_N_y-N_-N-N-J-N-E-R-N-K-N-J-R-3-N-R-R.N_]

[-¥-F¥-¥-N-R-N-¥-¥-Y-R-N-F-R-N-E-F-N-N-R-R-R-R--R-N-R-E-R-E-R-R-%-3
¢ 6 % % 8 & B & 2 ¢ 9 2 5 B B 8 & ¢ 9 @ % 8 4. 3 5 & 0 4 0 9 % B
R-X-X-F.-N_R-¥_N.-N-E-N- NN F-R-N-N-N.- X N-E-N-R-RK- g RN E-N-N-F]

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0

0

0
0.0
0.0

03E-02 2.376E-02 4.672E-04
0.
0.
0.

[-X-A-X-N-N_N-N-N-F-N_-N-R.-N-§.N-N-RE-¥-N_R-X-g-R-R--F-R-N--N-N._E-X-]}
® & & © ¢ & o O & ¢ 9 ¢ T © 9§ 9 % ¢ & 5 2 0 0 F ¥ ¥ T S G I &

09E-08 2:2093-08 2.2098-08

c@ﬂOOGOOOOQONOOOOQG QOQQQQQQOOOQOOOQOOOOQOQOQOOOOOOO
»

OOFQOQOOOOOONOOOOOOOOOOQOGOOOOOOOOOOOOOOQOOOOOOOOOOO

.4003-01 9.378E-01 9.299E-01

82E-01
09E-08
08E~01

GOOO6056OQOONOQOOOOSQGOOOGOQOOOOOOGOOQOOOOOOOOOOOOOQ
13
OQPOOOOQOOQONQOOOOOC\OQOOOOOOQQOOOQQOQOOQOOQOOOOGOOOO

0E-01
09E-08
12E-01

@®©
QONOOOOOOOOGNQQOOOO&OOQOOQOOQOOOOQQOOOOOOOOOOOOOOOOO
[

OOPOOGOOOOOONOOQOOOU\OOQOOOOOQOOQOQOCGGOOOOOOOOOOOOOO

— .
Pwmsmvuwhmwmo—owwﬂmzmmnm\a\nhmmmochMNm=§m=m~o|~m|~wmcwmc
- e R NNANNNANNNNANNNNNNNNNMmMNNM

ECMEEAREN S EHEMOMRAVUUURZZE OO OO e e 5 g ool o 00D O D ol b od 1l it
DR\ afQamn RErmsZErREEZEENENdagagaininn



131

ti-38¢

mlems

L0-d61

iR

0°0 0°0 0°0 0°0 0°0 0°¢C 0°0 0°0 0°0 0°0 0°0 0°0 0s
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 64
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 8h
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 Lh
0°0 0°0 070 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 9%
0°0 0°0 0°0 0°0 0%0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0s
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 6h
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 8h
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 SL~3LL9°9 L
0°0 ¢°0 0°0 0°0 0°9 0°0 0°0 00 0°0 0°0 0°o 0°0 L2
0°0 (1] 0°0 0°0 0°0 0°0 0°0 0°0 0°0 51-3508°8 S0-AGNE"L LO~IO09L°L 9%
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 Sh
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 6%
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 8h
0°0 0°0 070 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 9L~-3159°6 Lh
0°0 0°0 00 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 9h
0°0 0°0 070 0°0 0°0 0°0 0°0 0°0 €C~-2190°L OL-FOLE°E SO-A6hL"L E0-16MB°1L Sh
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 LA
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 En
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 ch
L*l 80-ALNB°E B80-FZ00°L BO-FGOE"8 BO-ATIB"G 86-ANL6"8 BO-ABC0°6 BO-ANHO°6 BO-T6HD "6 8I-ALS0"6 B0-2150°6 B0-IL50°6 Lo
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 (]
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 h
0°0 0°0 0°0 0°0 0°0 0°0 - 0°0 0°0 0°0 0°0 0°0 0°0 E£h
0°0 0°0 0°0 0°0 fh-dELL L 9T-dTLL"E 0T-F6SS"L B8L-ASL0°S LE-TZBL"C LI-HLZEE LL-ILWB°E LL-TL6O°H h
0°0 0°0 00 0°0 0°0 070 0°0 0°0 0°0 0°0 0°0 0°0 Lh
£°2 €E1-399E°C EL-AINE'T EL-AINE"T EL-FINE"T E€L~AIDE"T €L-TINET EV-AINE"T EL-TQNE T EL-HOHE'T CL-FONE"T EL-AINE"T Oh
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 6€
0°0 0°0 0°0 0°0 hh~FELL L 9T~ELLL°E 0Z-~H6G5°L BL-8SLO0°S LL-~FAZBL°T LL-FWTE"E LI-FLhO"E LL-ILED"h Zh
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 it
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0n
0°0 0°0 0°0 6L-dSE0°L TL-HLSO0°L 60-3A0TZ°L 60~TLON"L B80-AONZ"L B80-ESBN"1 B80-ANIG°L 80-IZ6S"L B80~-1599°% 6E
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0 0°0 0°0 0°0 0°0 BE
0°0 0°0 0°0 0°0 0°0 0°0 0°0 - 0°0 0°o 0°0 GL-2900°L 90-EhE3°C Le
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 9€
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 070 RBE
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 8E
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 6°0 0°0 0°0 LE
0°9 90~3ZBL"H 90-3ABLI"S 90-HEBB'S 90-A6L6°S 90-4300°9 90-Z9L0"9 90-2610°9 90-20Z0°9% 30-30Z0°9 90-30Z0"9 90-20Z0°9 9€
0°0 0°0 0°0 070 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 SE
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 Le
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 ‘9¢
00 . 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 €L-EZ9L°L S0-UBLB°6 LO-Z6LH°S SE
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 he
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 EE
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 (43
00 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 he
0°0 0°0 0°0 0°0 070 0°0 0°0 0° 0°0 0°0 B81L-3EES°T 50-3996°¢ tE
0°0 0°0 ZZ-ALLL'E EL~TE0B°S 60-FELO°L 60-F9n5°8 90~UE0B°L BO-HLEZT"Z 80-FnOn* ~ 80~396H"T BO0-EHLH°Z LO-AEDI°E tE
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0- 0°0 0°0 0°0 LE
0°0 0°0 CZ-ALLL"E £1L-3T08°S 60-ACLO0°L 60-ISHS°8 BO-FE08°) BO-ALEZ°Z 80-ANON° N 80~-295Hh°C BO-EHLHh°C 80-AZBH"T [43
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 ~0 0°0 0°0 0°0 X3
“t k3 *00L id °0€ S B 1 .3 B o 131 1 4k *oo0t 4% *00t g "0€ 41 °0i 4% "€ 1 ¥G0°0+AS
SAYQZ 091 40 FRIL ORISSADIOYAIY V LY IVIER XAVEH TVILINT 20 IXNOI ERO
SATEND “AITATIOVOIANE :314VL FAITIQM

SLONQo¥Ya ROIIVAILOY
13 aovd

JAS-Z#*RO/R00 200°4 un:ah -aazoo 200000°4 =dnR¥0E “AHO0 F00000°L =8HKOd
HHIR/OGMR 000‘CE :ILSVM IVINAIVN TVINIONNIS UMI 0 XVD3d
9 = LIRD LD4LO0

(panutiued) z-g arqey

Il
1%
I

Id
s
28
s
JS
Js
J8
JS
¥0
Y0
¥
0
| §o)
|
[ ]
[ o)
| Je)

LR R R %

] e B GGG MGG
QULOUD = el oot o

it Rt T2 N N2 WY

0nwn




Table B.2 (continued)

36

PAGE

6

OUTPUT UNIT =

ACTIVATICN PRODUCTS

PLUX= 1.00E OON/CN*%2-SEC

BURNUP= 1.00000R 0ONMWD,

=
=
[ 3]
=
~
=
o=
=
(=
o
o
-
”m
"
o
]
&
1]
-
™=
[
-
e ]
a
L]
]
-
=
)
g
[
D
b
124
1—4
]
| ad
0
o]
=
3
=
(=]
[
L)
o
m
(=]

-
ol
=
b=
o
»
o
(=4
[~
o
<
[
-
)
"
a3
=

CURIES

ROCLIDE TABLE:

RADIOACTIVITY,
ONE TONNE OF INITIAL HEAVY METAL AT A REPROCESSING TINE OF 160 DAYS

IR 100. YR 300, ¥R 1. KY 3. KY 10. KY 30. KY 100. KY 1. nY

30.

YR

10.

IR

3.

SH+0.05% ¥

132

04E-15
T1E-04

oOMQQOOOQQQOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOQOOOOOQOO
OONOOOOQQOOOOOOOOOOOQOQQOO@OOOOOGOQOOOQQOOOOOO¢°°O°O

O4B-15
1678 OC

.OO"!OQQOOOOOQOOOOOOOOOOOOOOOOOOOO-QOOOQOOOOOOOOQOOOOO
. -

. .
OONGOOOOQOOQQOOOOQOOQOOOOOQQOOOONQQOOOOOOOOOOOOOOOOO

wy <

- <

1

[ o]

2 i

(=4
O OMO OO0 OOOOO0O00OTOOOO000CCLRHDOO0OOCOOLCOODOOCOOOO0
..l."'.."!I.....'..'.'...l'll.".I"l'l""l"ll'.
OONOOOOOOQOOOOOQOOOOOQOOOOOOOOOO”OOOOOQO°°°°°°°°°O°°

0 o

- o

}

L =

= 5

|-

OOMOOO¢°°OOO°OOO°°°OOOOOOOOOOOOOFOOOOOOOOOOOOOQOOOOO
»
O°NOcQOOQOOOOOOOOOOOOOOOOOOOOOOO#OOOOOOQOOQOOOOOOOOO

un o @
= (-] o
) )
m m =
2 S_..8
o
COMO 00000000 CCCO00O00OOLOLOOOTOCORODNOOVCOOODI0ONODO
5 9 © 8 B ® ® 0 9 9 3 % & 8 T 8 0 8 9 5 6 0 ¢ 6 5 2 0 9 S S 0 S & I K O 0 e O O NP KO P T e ¢ ¢ P
O ONNC O OO OO OO0 CNODOIROOOOODOOOO0OOO0CO
n o =~
1 s 3
s -] )
# (-] o
ol o

QOMOOOOOQQOOOOOQOOOOOOOOOOOOOOOOPOOOU\OOQOOOOOOOQOOOO
(R I]
OONOOOOOOOOOOOOOOOOOOOOOOOOOOOOO&GOOOF’QOOOQOOOOOOOGOO

04E-15
11E-14
418 00

38E 01

comcooocoooeoooeccccoooececmsooo-—ooowooocecceococooc
» 0o 0
OONOQQOOOOOOOOOOOQOOOOOOCQQW’QQOOI{)OQO\DOOOQOOQQOOQOOOQ

[T @« o~ o o~
- o o i-4 (-]
) 1 ]
] ™ a3 »n ]
= e m (=] -3
[~ ™~ L ad n -+ -
QQMOOOﬁQQOOOOOOOOOQNOOOOOOOQOOOOFOOOOOOOOOQQQOOOOOOQ
® & & © & 9 ¢ + 9 0 & ® # 0 & 8 & O 3§ * 5 & 9 3 s 9" » 5 o ® 4. 2 o 9 & 0
ecNeoeoeoooceccaooo—ceeooeo-occomeocmoeocQoeoooeccac
n o o ~N [~ o~ n
- c" o o o (-] -
] )
1] [ 2] bod [ ] ]
= = o -] m @ ®y
(=4 o ™ o v o~ 0
OQMOOOQQOOOQOG\OOOQO\DOOQO@QOQOOOOPOOONQQOOOOOOOOONOOQ
t * 8 & 0 O ¢ ¢ 4§ % & & o % 9 § & 2 & ® & B B 5 B O 6 % S 4 P P B v
OQNOOOQOQOOOOFQOOOOPOOOOOOOPOOOOM‘!OOOMOQOOOOQQOOO\DOOO
w o~ ~ el ™ ™ (=4 o~ 0
- o (=] N - o (=] (=] o
) ] 1 1] )
] M n M| M a o [
> m (=43 = = V-4 = Lo O
1= o~ S O N 1) r~
oomcoooooccoeocceeomoocﬂopomooeo-aoeooceoeeecooomooc
¢ ¢t g b 0 s § % 2 ® ¥ o % 8 % 4 8 0 *
oeNooeoooooceﬂooooomeoov—oso—oeoemeeo\ooeoeccooooowaco
wy o (= m O ~N m < ~N m
- - (- L~ o ? o (=] o o
) ] 1] ]
= = " M - ol ol m
2> N -o g >~ M - 4 co O
= ™~ [ . g n
oemeeooeheceemcccoc—coemoromoccowcocsoooaoooeooemcoe
* 0 9 0 3
ooNooeoehococmooooQNcooPomo:eocomooowooocooococcmoeo
0 o~ g ™m - m m (=] o~ = = m -
1 ]
DL = "~ Ll [l [ d - = = Lo L
3 0 ﬂ F o Ll v = =l‘ Q N - m
o ™ 0 o ™M =

m n
OOMOOOOQNQOOOQOOOOOQOOOt‘lO#QNQOOOPOOOU!OOO\OOOQO\QOOPOOO
LA . 80000 09
OONOOOQQ\DOOOO\OOOQOOQOOONOF‘GFOOOOMOOGQQOQOOOOQQOONOOO

=
Pc\owwmaorﬂmamsm\n-ho:m\ohwmgmmoo'—ﬂmmOPNM=m~aNmsmwhm=mw|~w
VFOOAVOORBVVOOONADDODVVVOARNNEVVVNNVVOLOVYYWOOYVYVYOOVYVOVOYYWYY
HP PP PP EGAREGHEBABRBH MR EEERNOCOOOUOUNMEHMERMNHNDDEDDDME XXX
(3 LVLUVVUEEBREMAMMAMRMOLDODVUOREZREEREERLOLLOLDRAINNNN

[y



Table B.2 (continued)

37

PAGE

6

OUTPUT UNIT =

ACTIVATICR PRODUCTS

FLOX= 1.00E 00N/CM##2-SEC

33,000 MWD/MTHM

BURNUP= 1.,00000E QOM®ED,

P¥YR STRUCTURAL MATERXAL WASTE:

FOWER= 1.00000E OONW,

DECAY OF

CURIES

RGCLIDE TABLE:

RADIOACTIVITY,

160 DAYS

ONE TONNE OF INITIAL HEAVY METAL AT A BEPROCESSING TIME OF

30. XY 100. KY 1. #Y

KY

10.

100, B 300. ¥R 1. KY 3. KY

IR

30.

IR

10.

IR

3.

SH+40.05% F

133

41E-35

°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°l’°°°°°°°°°°°°°°°°°°°°°
»
OOOOOOOOOOOQOOOOOOOOOOOOOOOOOOFOOOOOOOOOOOCOQQOOOOOO

32

00E~

QOOOOOOOOOOOOOOOQOOOQOOQQOOOOOQQOOOOOaOOOQOOOQOOOOOO
v o .
OQOOOOOOOOOOOOOOQOOOQOOQOOOOOONQOOQOOOOOOOOQOOOOOOOO

o~

m

1)

=

3
OOOQOQOOOOOOQO°°°°°°O°°°°O°OOOOOOOOQOQOOOOOOOOQQOOOO
e © 8 © 5 0 5 8 & 6 & 88 & 8 O 6 & 5 9 5 5 9 & 8 5 ¢ 5 6 ® & S 9 & S+ + ¥ 09 s e 0 S 2 0 2 s ¢ 3"
OOQOGCOOOOOOOQ°O°°°°°°OOOOQOOQNOQQQOOQQOOQOOOOOOOOOO

N

”!

]

2]

o

(=4

°°°°°°°°°OOOOOOOOOOOOOOOOOOOOOOOOOQOOOOQOQOOOOOGOOO
OOQOOOGQQOQOOOOQOQOOOGOQCOOOOONOOOQOOOOOOOQOOOOOOOOO

00E~32

OOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOQOOOOOOOQOOOOO
OOOQOOOOOOOOGQOOOGOQOOQOOOQOOQNOOOOOOQOOOOOOOQQQOOOO

00E-32

OQOOOOOOOQOOQOOOOOOOQOOOOOOOOOOGQOOOQOOOOOOOOOOQOOQO
OOOQOOOOOOOOQOOOOOQOOOOOOQQOQQNOQOOOOOOOOOQOOOGOOOQQ

00B-32

OQOOOOQOOQOOOOGOQQOOOOQOQOOOQOOOOQOQOQOOOOOOQOOQQOQO
.
OQOOOOOQOOQOOOQOOQOOOOOQOOOOOQNOOOOQOOOOOOOOOGOOQOOQ

00B~-32

OOOOOQOOQOOGOOOOOOOOOOOOOOOOOOOOOQOOQOOOOOOQOOQQOOOO
[ [ s 5 o @
OOQQQOOQOQOOOOOQOOGOQQOOOOOQOONOOOGQOOOOQQQOOQOOOOQQ

00E-32

OQQOGOOOOOOOOOOOOGOOOOOQOQOOOQOOOOOOOOQOOOOQOOOQGOOO
[ RN ] 3
°°°°OOQOQQQOOOQOOOOOOOQOOQQOOONOQOOOQOOOOOQOOOOQQOOO

00R~-32

OOOOOOOQQQQOOOOOGGOOOOOOOQOOOOOOOOOQQGOOOOOOOOOOOOOO
[
QOQOOOQOOOOQOOOOOOOQOOOOOOOOQONQQOQOOOOOOOQOOOOOOOOQ

27E-38
0E-32

o
OOOOOOQQOOQI"OOGOOOOOQOOOOOOOOOOOQOOOQOOOOOOOQOOOOOQO
.
QOOOOQOOOOQNOOOOOQOOOOOOOOQOOONOQOOOOOOOOQOOOOOOOOQO

28-10
00§-32

~

OOOOOOOOOOONOOQQOQOOOOOOOQQOOOOQOOQOOOOOOQOOQOOOOOGO
° ° 3 v [

OOOOOOOOOOONOOOOOQ°O°OOOQGQOOQNOQQOOOOQQOOOOOOOOOQOO

= = = = n = n = = = = = = =
RO r r RO r NNOr EFNMNINNURR ORI NORCRINOrETANMNMTMNOCrNNMDARI =N
Ay A A N A N e i a ad ok o S o S S SRR R R R gl R R E ]
W I S MG G NG WG At iR R4 G O B G G B B UD U7 U0 A B G G B BB e R4 PR PR ARG O G R OT R O O KD AR RS G I R
NNNNNDODDOOVDOOVOIVVDDmMdadnnNONNNNRNNUNNTDONMMONRAMQDKK XK KM




Table B.2 (continued)

38

PAGE

6

OUTPUT UNIT =

ACTIVATICN PRODUCTS

FLUX= 1.00E QON/CM**2-SEC

33,000 MWD/MTHM

BURNUP= 1.00000E QOMWD,

0
]
[
w
-
=
-
-
-
23
8
&
g
=
]
[l
[
B2
134
hod
=
o
[l
w
~
=
e
L d
o
[
L
o
"
a

-
o=
=
o
o
=
b=d
(=4
o
[ =4
[~]
]
-
I
el
Ll
=
[o]
2

CURIES

RADIOACTIVITY,
ONE TONNE OF INITIAL HEAVY NETAL

NOCLIDE TABLE:

AT A REPROCESSING TINE OF 160 DAYS

10. KY 30. KY 100. KY 1. NY

KY

kS

1. KY

YR 10. YR 30. ¥R 100. YR 300. YR

3.

SK+0.05% F

134

™~

o

[}

N

Iﬂ
OOOOOOOOOQOOOOOOOOQOOOOOOQOOOOQOOOOOOOOOQOOOO oooCce
e 0 v 0
OOOOOOOOQOOOOOOOQGOOOOOOOOOQOOOOOOOOOOQOQOOOO oo o

-

(-]

)

sl

O
OOQQOOOOOOOOOOQOOQOOOOOOOOQOOOOOOQOOOONOOOOOO [-K-R-R-X-]
3 [
OOOQQOOQOOOOOOOOOOOOQOQOOOQOOOOOOOOOOQFOOOOOO -K-N-R-X-)

-

o

]

0~

4
[-R-N-E-N-E-E-N-N-N-N-N. 5N N R-R-N-N-R-N-N-F_ N K-R-K-N-N-R-N_N-N-R-E-F-R-N_N N-R-R NN OO0 O
N N N N N N N N N N I S B K] [P I
CUOCODOOCOTOOCDOOOOOOOOOCODOCOOROOOTDOO0OTrOOCOOCO =R -A-N-X-}

-

o

O
OQOOOOOOOQGOOOOOOOOOOOOOOOOQOOQOOOOOOQNOQQQQQ oocoo
3 + s 0 0w
OOOOOOOOOOQOOOOOOOQGOOQOOOOOOQOQOOOOOO"OOOOOO [=X-N-¥-¥-]

3] -

o o

) ]

[ =

g 3
-R-A-R-E-R-F-X-R-R-N-N-R-R-N-R-N-E-R-R-N-F_-3 J-K-J-X-] COQODOCOVDOONOODDOOO Ccoooao

(I I N N N N N N N N N B B N ) [N I N LN B I * 0 0
DOCOOOCCOOOVOOOOOOOOOVOO™"OO0O COOCOOOOVDODTrOOOOOO COQOO

72E~15 1.476E-35

70E-15
658-01

[~ X-R-R-J -]

QQQOGOQQQOOOOQCOQOQOOOG\OOOOU\OOQOOOOQQQNOOOQOO
. * s v 8
(-A-R-N-X-]

8 8 5 4 B L W 0 5 P B P S F P B S S H PR S S S P S E SN .
OOQOOOOQOOQOQOQOOQOQOQWOQOO\D°°°°°°°°°OPQOOOOO

1.283F 0C 1.283E 00 1.282E 00 1.281E 00 1.278E 00 1.270E 00 1.240E 00 1,.158E 00 9,116E-01 4. 605E-01 4.219E-02 1.9“93—15

9.263F-03 2.500B~-02 5.357E-02 9.618B-02 1.196E-01 1.2028—01 1.2023-01 1.201E-01 1.197E-01 1.186E-01 1.1“93-01 7.643E-02

~ ™~ -
(=3 © o
) 1 ]
= ) )
g 5 o
0
OOOOOOQOOQOQOOOOOOQOOONOOOONOOOOOOﬁOOONOQQOOO A-X-N-R-¥-J
L] * 9
ocoooeoooceeocoooecoocPQOQOPooeccooooo—oooooo - X-R-¥-X-1
n w0 -
[~ (- -]
] 1 I
3 M =1
~N (] 0
Q o 0
COODOOPCOLOALCOAOCLOLDOOOIOOOLIOLOLRIOOOOROOLOLOINOOOOOO [-R-~-NK-X-N-]
’y o [ ® 9 ® ¢ o .0 3 2@ L4 e & & 9 ° s * & 9 0
C - - - LRI F - F - N N NN N N N ¥ ¥ R - N NN N F-¥ N J_ ¥ X X ¥ X_¥-T_¥J coooe
(2] n -
o (=] (-]
] ] ]
= /M =
* N o
00000000 COO0CNOOROOOOTOIOOOTOOLOOOOOOONODOODO cocoo
# * 8§ © 3 ¥ S 2 % O * P W BT B B € W € ¥ & 2 0 P O P 9 W@ e » " ° 5 9 ¢ & & 0 e 8 ° 9
[-R-N- N R RN X RN N-R-J-J-K-N-R-R-R-F-F-R-RoN-N-JN-N- N W-N.N-E-X-N-N- R -E-N-% N-N-JL-K-3—J- ] cCoooo
o~ 2> o - = ™m0
() { ) [} ] t 1
" s -] "l [ [ |- R
o n  © o~ "N
Dndload il L-\] o hoAd F
occcooooooocoocooococe—oooe—esooeoooocﬂomoooo Neooo
» ® 8 5 5 ° ° ¥ 0 £ ¢t B 9 L] * ' & ¢ * 8 ® * 9 6 0 8 @ + q |
OOOOQOOOOGOOOOOOOOOQO—"OQOO"OMOOOOOQOQPQI{)OQOO OO0
o = w0 - N ] -=
o0 (-] < o L] ™ oo
| ) 1 1) i ) 1 i1
oo [ = [} [ Lol M m
O - - © [ - om
O - - o -] ~ ™M =r
oceeocoooeoooeocoececoaoooeaomcecooooonoooomo mTooo
* s * @0 LA I I 1 L ] * 9 2 B B * 0 ¢ L2 N I A
ococoooeooeecooooooco——oooovozccooeooeromec:o o000
- o2 o © - m "1] = -
oo N O - e o o oo
1 ] § ]
m& oy " & [ I [ m o
=1 n w0 - o 0 0 o N
¥) - T~ o 0 W ~ 0w
ooeoooooeooccoccococcmmooecmo—cooccoccwemoowo VMoo O
L N . - * 9 o * . £ L ] LI N ] * o 3 * ®
coooooooooooocccoooocm—ucePPcwooooooooremcorc L' 2 -X-%-1
= = = = = - B -4 = * =
MOV OE OV OO RN TINNOCRONO"MAROOTAMIPORNOr NMINOENMANIND O
PODORDROVDODODOVDODDDNOTDRORNTNDONNTNOAANPNONORNANDPIOARANTNANIITAIRATO
S5 05 606G O FG T MG B E B R I I RS G RS P O G SR G S RGBS P Do D P B B D Bt D 05 KD B B0 R RS K G S SU RS M R
MMM DKOooNUONONLLNNNNN NNNNNNNNNZERZEZEEZEZES

=4



. ad 2] in
. = o -
1 ]
[ . " o]
- ”m - tb ~N
- - o
- OOOQQOOOOOOQOQOOOQOOQOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOQ
. ol 7 OOOOOOOOOQOQOOO:’OOQOOOOOOQOQQOQOOOOOOQOOOOG\QOOQOOQQO
»
2 > - =2 in
. L] X T <'> .‘-
- w0 v 2] ) )
& (=] & ™~ o
Q (=4 b>d N @©
g - coee«oooeceooeowpoeecocooeoooeeceooooococcoemecooeooe
o % 0 & ¢
g OOOOWOOOQQOOQOOFGOQOOOQOOOOQOQOOOOOOOOOOOOQ\DQOOOOOQO
a o3 n = n
% (=] o o=
= 1] ] )
Q » o] [ o
[ (=3 ™~ @ -
= [ o ™~ m
~ - X-X-X-X'-X-X-F X -R-N-N-¥-N. ¥R NN -F_-N-F-R-E-N N-§_N-RX_R_N-E-N-N-F-R-N-X-N_-E-R-R-R-N_-E N-F-R-N-F_R-F- 5]
-3 ® 9§ % 9 % 8 8 & 6 0 & # # O B % L ¢ T H 6 ¢ 0 T P G O O 4 & B & P 6 % 8 6 0 & &5 0 & 6 0 4 £ 9 B S &
= DOOOVWOOCOCODOODONOOOOOOOODOTOOOOOOOOOOOODLOLCOVWOOCODOCOO
R =
12 > (] (2 i
= > T 5 T
¥
n . ] 53 »
:c - O N Q
-
-4 a QOQO:OOOOOOOOQOOOQQOOOOOOOOQOOOOOOOOOQOOOQO:OOOOOOOO
A
o OOOONOOOOOOQOOQFOOOOOO°°O°°°°QOO°°O°°°°QQOO\DOOOOOOOQ
0
u - o~ [ uy
[ 13 o o -
- |3 ) 1 ]
= (-2 ] [ A [
=3 Nm g 0 ™
=¥
[ = - X-F-X-¥ R-X-N-N-N-F-N-N-F NN -N-R-R_R-R-Y_Y-F-F-N-F-N.-N-X--N-N-N-R-E-J-R-R-E-R-K-F_ ik S-F-N-Y-J-R-R-J-]
» [ ] 9 ¢ & 2 ® B 0 9 ¢ £ © & €& ®» O ¢ 6 g P O D & € & O % O ¢ € © 4§ © & & & © & § 8 O ¢ & £ ¢ 4 & & O O O T O
g: [ 2] COOCOErOOCOOOROOOrOOPOOO0ODoOOOCCOOODOOROOOODBOVWOQOODCOO
=3 (LR o o~ ™ n
(=4 = M (-4 (-] -
= § § i
- 13} vi e (=3 2] ]
< ] 0 - (=] ™ =
@ wn A3 ~ wn n
] ‘!‘ g ocooccoooooc¢°oooooo°ooceoeoooocccooeoooeooacccaccoc
w = .
+ - : g OOOONOOOOOOQOQOPOOOOOOQOOOOOOOOQOOOOOOOOOOQ\OOOGQQOQO
- -
- = = Bl & o~ m w
- Q [ 3] R ] -] < -
] ~N [} } ]
— = -t . 2] E ]
- 1= < @® 0 m
ot o~ (-2 [ 5= [ 0
. w - ™ eooemceooeoeeocoooccceoooccoooeceooeooooece=rceeoao°o
-] * [
* oy " :g : OOOONGOOCOOOOQaP°O°OOOOOGQGOOOQOOQOOOOOOOQQ\OQQQGOOQO
— B » 6 o3 o~ ™ (4] m (23
F-] t oAt (R ] S (=] ¥ = -
L] N ne 1 § § ) ]
- an ol 3 2] o] a Lo m
= - O \n L4 [ ~ n
L B4 e O ™~ n (=] o n i
P 2w - XX X N-N-X_ ¥-N-R-R-N-F_N-N-N-K-E_N-F-N-¥ F_N-K-N_J. L g-E-N-F-R-N-R J_N-X_N-E-J-R-K S -K-X-N-2-X-N-3-]
°ﬁ‘ - un ® ¢ 9 ® & & B.P 0D & 6 & € € € » & § 6 O 5 © 9 9 & ¥ 5 § % 9 6 B ¢ P P 6 0O P O 9 ¢ & S 0 I O ¢ O v b O
g = OO ON OO SO OOOOCOrROLORCOCONROFTOOOOOOTOCOAOOODOOVOODOOOOO
. wa o ] ' o~ ) N W
ma N:N < o (5] ™~ Kt
m= & - § 1] § ] ]
®E O e 2] 3 =3 a3 83
e Q O o Q o a3 [*2]
MO HEM (=] N = "
B Ey-;ﬂ SH OGaémQQOOGOOOOOGOQQc900000QONCOOQOQNOQOOQQO.S'OQQGOOOO
g 0 ° 4
o -} o o~ [ - [t~ o n
O Q- o [ m - - -
-0 ol ] ) 1 } ] i
- e xE . [ ] (o] ~ /M )
" e oo C’ 4 O -] - n
5 - n 2] o o0 n
g& aﬂ oaoomecocooaooecooooocooo—eooceoooecocoooeesooeeoeoo
-t - o~ [ - = = n
- oo (- -] -~ -~ - -
=X ) ] 1 ] ]
2 [ 3 m ill = o [ )
s s haed m m N N tn
Ad
g: 6 eoeemoeococoeoeeooceocooo\ocemoceeoamcoacooeaceeooceo
gg : - oeeoNooeocooeoo—cooocecoo—cemoooooenooecocoooocooooo
™~ (23 ™ m (] Lt 73]
o5 e o - o o - - -
= o 2] } i ] i 1 1 ]
(X4 =] = [ [ el [ - [l
o 3 = o \o o :n -] lﬂ
o < N 0 hAd
i:s o ; ooccmoooecmocoooecoooocooooomocoocomceoocooecoceoooo
L] L | * L] ® ® L]
é :-— %] ooochoocosoeoo-—eceooccooscemeooeoouceaoeoooooeoocoo
OH
SN
(=0 ]
- T =
- 8 2] » = = = | 23 = =
~ PONMMINOCDNOT RO TrORRACTNMNMINOCTMNIIOUNOLRAIMNIVNORENTNRNO ™=~
O NN OO OO0 O rTerD
- - - Lo R Sl R ok m R ol ol ol ol R R =S ol ad nt at ittt sl i st ath adh
MADDOWWLODDUWUOUULUUDDPPPORPPODOPRERETSRERRAAAAALMARARARLSV
BME R E N E LI I S N N B R A0 00N AR 0G0 0n RS At 6N D3 RS A Da B Qe O R B At

¢




136

| o) © .
| = S -
| o . 2]

. =5 - N -
- OOOOOOOOOCOOOOOOOOOOOOOOOOOOOQ‘DOOOOOOOOOQOOOOQOOQOOO ) Co-
‘ -
! L] 0966OOOOOQOOQOOOQQOOOOOOOOﬁOQOFOQOOOOOOOOOQOOOOOQQOO ~
1 -
‘ 2 > o .
‘ ) " 7 .
\

" -
| - 3
123 o
| g - OOOOOQQOQOOOOOOOOOOOOQOOOOOOOO\OOOOQOOQQOOQQOOOQOO°°°
: ¢ 00
i g OQQOOOGOOOOOOOOQOOOOOOQOOOOGQOPOOOOOOOOGOOOOOOOOOGOO
| [ o] 0
‘ o -
] = }
| 12 ° =
" = e 8 .
| 24 m
ot =X - - - K- X-X-X- - -N - _N_-F-J-R N F-E_N-R- N R R-grR-f-g RNy N Rl N g AR N1
-3 * 9 8 & B " ® % € 8 8 % G B T B O 0 & O 5 4 U 8 T 2 S £ O & O F O O % % 3 P F O O K O O O 4 P 0 S0
[l - - - - - - - - - - - - - - - - XX NN F-N-N-N_R RN R RN N-R-N RN =g R R RN~ RN -]
&
I [ o OO -}
; < -4 e Xy} "’
1 [}
\ nn « MM [
} MO N® o~
\ - e DD Qo
L+ a FNQOOOOOQOOOOOQQOOOQOQOOOOOOOO\DOOOQOOOOOOOOOOOOQQOOO
¢« & & & 0 © @ e ¢ ¢
o "‘"OOOOOQQOOGQOOOOOOQOQQOOQQOOO"QOOOOOOOOOOOOOOGOOOOO
b4
N -p =M vy ~
- [ o - -
[a] [ [ ) {
= O s MmN 3]
2 N“" S\D S .
O
[ ] - - XXX N-X-X-X-K-E-K-R-F-N XN N g -R-R-R-RV Ny R -y - N R R AR AN -E-A-R-A-R-2-
=) - ©« ¥ 5 0 8 © 5 5 © 8 8 0O 5 8 8 & O O 0 9 G O 8 9 B 9 S & 5 S S 2 0 0 8 G 9 6 P E S G S LS S8 O
g ] PN O OO0 OO0 COOOOOOOOOCOO0OOOOOr OO0 O00OCOOOCOOOOOD0C
4 Ve OD -
o e OC -
g B b &
.
oy = e o~ ~
w ] o d 4
g ] o Y - - Y-Y - Y Y- R-N-N NN -R-E-X_-N-F-N-Y-F._N-N_-R-N-N-RV-y-N-N-N-R-RE-R_-N_R-JN- RN N-N-Q_N-N_JR-N-¥.¥-4
= N =] . 8 8 8 6 0 8 9 0 0 6 % % £ 6 € F D O 9 0 S 8 5 8 & 6 % & 5 4 S B B 4SS S L F P K G2 SR H
— * ] L - - - - - - - - - - X -X-F-F-2-X- XN R-F-E-N-R-R- RN NN - R-R-R-R-N-R-R_R-J-R-R-R=R~R-R-R-R--2- 1
* a . -
: = HE o d .
S Q K o - .
o N | ] ]
~— = < » MM ]
o o e N
~ © Qe M v
o - g M PNOOOOOOOOOGOQQOGOOOOOOOOOOOOOUOOOQOQOGQOOOOOOQOCOQO
L K N
= :‘::g :1: '-"GOOOOOQOOQOOOOOOQOOOQQOcOOOO"OOOOQOQOOOOOOOOOOOOQO ’,’
2 &% EBm v ~ ©
a o~ B o0 ~N -
L] > n= [ ) )
[, ai [ [ am [5] -]
o= MO Q- = (3]
nD fppO O o °
=l D e - - R R - NN RN Y- AVN. Y- PN N N NN -R-N_N. N-F-N-R-R-R-RV-RE-Q-F-R-N-J-R_F-N-X-R_J-J-R-R-N-R-R-N_J-X-]
=] uMm ® ® © & & % & % © O © © § © € 0 € 8§ © 5 € % % © F O 0 8 0 5 ¢ 8 0 8 % 6 & 0 8 O 0 O B O S s g 4 P S
g = - - - - - - - - - - Y- Y- - R-X RN NNy - R-N-R_ R g-N-N- R R-N-N-F_R-R-R-J-R-R-N-R-N-3_- NN R}
- ® .l (% ™~ 0. N~ (=] o [ (=4
ma Do a4 [~ 2~4 - - L - ~N -
m = [ 2R ] L) [ § ) 1 )
H O OHE e Mm@ [ | ] - ] B3 ]
WS PHO ©O0 -4 > () N -
MO mWEm ™M fa Al 0 o e (2]
& (o] ANOOOMOOOOOOw OO0 0OOCOPYOLOOOODOOTOVOOCOLOOOOT
| Q ® ® & % 8 ®» U B O © B O ¢ § % & T O 6 0 0 8 % ¢ 6 4 S 2 8 3 2 P N S PSS S 4 4 S F N S VS
‘g gg OO NTOOOOOONDAOCOODOOOOOOOROOOCr OO0 OROOCOOO00CONr
=
o - [l ™~ O (-3 w0 ™~ N N0 «© -
&HO - aARMN OO0 - o ~ NN - =] [~}
<O aE | ] | ) ) ] 44 1) 1
e ME » MM M &l o ~ M s -] ~
- CO o am o =r MmO~ ) o
~ H" O® @~ ] -mag ™~ w
>8] * lﬂP°°‘Dl\QOOOOOPOOQOQQOWOOOOOOOFQOGOOOOOOOOOQFOOOOOOOOF'
, -l o M [ [ K » 9 8 9 F & 0 9 0 0 6 P 2 2 SV N S B SN N
| = :: In\DOONNOQOOOQ"OOOOOOOPOOOOOOONNPOOOOOOQOOOQOQOQOQOQOP
o)
| W o @ O ™~ = = Q0 - =¥ ™
: < B H O oo oo [~ - OO [~} o~ <
1 ol [ [ ) ] | ) ) \
2 [ : Emm -« x M ~ 8, . 2] nd
; & -~ ™ MmO in w0 ™~ w0 AN o 0 w0
' (SR o " ™M m - [ g o N O i 0n o0
[ I N I ] Q] (L] v [BERK)
gg g - msaoesmoooocomcccocoouoceccccmm—oeoooooooccaooooonoo—-
[ 4 \O &= m oam QO o o (2]
aam w =R~} QCOr [~ ] NOo DO o < (=]
= O ] U] LI | t i1 ]
[ (- R B R (] o R - m L]
o I ~ 0 I~ 0~ = bl -] QW w o 0
o o - ) VOO [ 00 o U = © <
oo :: OVNOCONO Moo OOOOOOITIrCOoOCUOIMNMNWVWOODDOODDOOODOLPOLOOOOROON R
3 e 6 0 0 0 e v o8 0 + 3 ° ® . K] ¢ 0 K]
:"’ ©v MW O O VMV WOOOOoDOUNOODOOOONMNT OO TIroOoLCoOPOOCOMOOOOONOCOY e
3
Lt
=X
=]
= ~
g = = = = = = x = = = = = = = = x
DO OO ENOYROROE NNV O"NMTMIIVIOROON -
OO OO T r r et OO O T I e T T e (NPT NN Y™ e e oo W e
PER R ek ok R SR o R ol ol ok R o o ol o ol ol sttt ot ol ol ol ol ad ol adh ad nd B A atat
ULV VVUUAMASAOORNARAARMAAARAERERE CTE RN A E I ZEA TR A BT T Em I LR D a8
Mt OOV OOV OVDVOVVODVOUODOHHHHEHMHMHMHEHRARHAHNHDODOM OO NNV ®




137

0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 8cLiaX
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 RLZLEX
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 LTLEX
0°0 0°0 00 0°0 0%0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 9Z11X
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 00 0°0 0°0 LITARS 4
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 GZLax
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 hZLax
0°0 0°0 0°0 0°0 0°0 00 0°9 0°0 0°0 0°0 0°0 0°0 ZELL
0°0 0°0 0°0 0°0 0“0 0°0 0°0 0°0 0°0 0°0 0°0 BL-3L9C°E LELT
0°0 09°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 HOELI
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 60 0°0 0°0 OELI
H1-318S°) Hl-3SH9°L WE-30G9°L HL-FTGI°L WL -ATS9"L Hi-FTG9°L hi-ETGI°L Hi-dZ69°L wi-EZG9°8 HL-HEGO°L WI-ATG9°1 HL-IZG9°L 6211
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°9 8ZLI
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 LI
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 9eLI
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 s
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 HLELIL
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 LELId
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0€L 3L
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 6L-dLLT"L 0L-318E°S8 H6ZLAL
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0T-~3LLE"B OL-49Gh°S 62141
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 - 8Ll
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 £E-3LOL°G mplmpp@ L 90-319L°8 £0-8EDE"6 BLZL3L
0°¢0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 EE-3T00°S EL-19H°L 90~3ZB5°8 £O0-FELL°B (XA Y21
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 9zLid
0°0 0°0 0°0 0°0 0°0 0°0 0°0 60-388L°h LO-30W6°L §0 3ZEB°C TO A899°1L 20 HEMM E RGZLE L
0°0 0°0 0°0. 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 SZ11lL
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 helid
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 8C~UGLZ°C 08-HLT9"L E€0-AL50"Z 00 FELL°t NETLIL
EL-ALIE"h EL~TLGE°H E€L~AR9E°H €1-FI9E°H €L -AL9E°h EL-AL9E°YW EL-TLI9E"H €L-AL9E°H EL-TU9E"H EL-FLI9E"H EL~F09E°N EL-TLL6"E X4
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°) [44 X1
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 RLZLIL
0°0 0°0 0°0 0°0 0°0 0°0 0°0 00 0°0 0°0 0°0 0°0 AKX
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0ZLEL
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 RICLIS
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 6Z-dL99°L €0-106L"9 9ciLds
0°0 0°0 0°0 0°0 0°0 0°0 0°0 80-8296"1 10-21%6°L TO AGBL"L ZO AEE6°9 €0 IBHH°4 sZLas
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 hzias
00 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 Bi-391L9°1L 90-3£98°6 00 A9L5°C nZtis
0°0 0°0 0°0 0°0 0°0 0°0 0°0 070 0°0 0°0 0°0 0°0 ECLIS
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 Reetds
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 9L-169%°9 ceLdas
0°0 0°0 0°0 0°0 0°0 0°0. 0°0 0°0 0°0 0°0 0°0 0°2 LZids
0%0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 LTINS
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 Z0-1€6Z°C SZINS
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 hZIAS
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 6°0 Heelas
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 HT-FETL°h LO-BS9E€°H LO-HB96°E TO HOZH L ECLNS
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 tZins
0°0 070 0°0 0°0 61-3LL8°YH LO-E0ONWH "G €O-EL96°8 LO-TIEN L LO-AL6L°E L0-EH00~S LO-ANLG*S LO-IBHL°G HLELNS
0°0 0°0 0°0 0°0 0°0 00 0°0 070 0°0 0°0 0°0 0°0 LZLAS
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 ozZLHS
iKW k¥ 004 1Y °“o0¢ i3 01 i% °t 1S g ¥ 4% "00E 81 °00lL 81 "0¢ 4% "0t 4x ‘€ 4 ¥S0°0eHS
SAY0 091 40 ANIL ORISSADOUIAW ¥ LV TVLEN AAVIH TVILIHNI 40 HNROL 3O
SETHND “EKLTIAILOVOIGVE :HT4VI JAITOON
04S-Z#sHI/R00 200°) =X013 ‘AMHO0 300000°4 =anNEnd  “BHO0 F00000"L =H5AMOd
SLONaodd NOILVAILOY WHLW/GMR 000’€EE :d1SYR TVISAIVH TVE0ID0UIS HAd %0 A¥dad
i E0¥4 9 = LIKD LD4LAD0

(panuiiuod) z-g alqel




Table B.2 (continued)
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PAGE

6

OUTPUT UNIT =

33,000 MWD/MTHM

BURNUP= 1.00000E 0OMWD,

ACTIVATICN PRODUCTS

FLUX= 1.00E OON/CH**2-SEC

PWR STRUCTURAL MATERIAL WASTE:

POWER= 1,00000E OOMW,

DECAY OF

CUORIES

NUCLIDE TABLE

RADIOACTIVITY,

ONE TONNE OF INITIAL HEAVY METAL AT A REPROCESSING TIME OF 160 DAYS

KY 10. KXY 30. KY 100. KY 1. MY

3.

1. KY

30. YR 100. YR 300. ¥R

YR

10.

IR

3.

SM+0.05% F
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Appendix B.3: Sample Neutron Production Rate Tables
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Appendix B.4: Sample Photon Production Rate Tables
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- APPENDIX F: LISTING OF SAMPLE PCH COMMAND OUTPUT
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i I T TR T e Rt R R R R S R B R B R e e T L YRS YV W W YT QNPT B o 3 F T S0y J0r QU ST SR G Wl S G G W S T S iy Wes S S e e g

30060 1.0830E-02

60120 7.3€CSE OC

80160 8.3807E 03
110230 6.5217E-01
130270 6.1852E-01
150310 1.1290E 00
200420 3.2232E-04
200480 9.4726E-05
220690 1.1269E-03
240500 3.3426E-03
250550 3.0909E-02
260580 9.3363E-04
280610 4.6158E-03
290650 4.8415E-03
300680 1.1560E-01
820950 1.6558E-02
821000 9.9974E-03
481080 1.9777E-03
481130 2.7110E-02
891150 1.6656E-02
501160 4.9502E-03
501200 1.0911E-02
641540 3.3370E-04
641580 3.9408E-03
741830 1.5552E-03
822060 1.1629E-03
922340 1.2393E 00

0.0

10010 8.9703E-03

20030 8.0598E-05

30070 1.52C8E-01

80110 5.3748E-19

60120 7.3604E 00

70140 1.7693E 00

80170 3.1942E 00

90200 4.7338E-12
100230 6.2769E-12
110250 1.6620E-14
120270 2.8280E-11
130290 3.6348E-13
140300 1.3353E-02
150320 1.1779E-05
160330 2.3099E-07.
160370 4.5166E-14
170380 1.7:584R-09
180380 3.5475E-05
180420 4,9846E-18
190820 5.3038E-12
200410 4.10G0E-05
200450 6.4526E-07
200490 2.5789E-12
210470 1.8595E-10
220660 1.7194E-03
220500 1.0910E-03
230520 3.0961E<09
280510 5.8079E-06
260550 8.9656E~12
250570 5.8188E-15
260560 2.9463E-01
270580 9.3829E-06.
270610 1.3197E-09
280600 1.0661E=01
280640 3.7917E-03

30070
60130
80170
120240
140280
170350
200430
220460
220500
280520
260540
270590
280620
300640
300700
420960
471070
481100
481140
501120
501170
501220
641550
541600
741840
822070
922350
0.0
10020
20040
30080
50100
60130
70150
80180
100200
110230
120240
120280
130300
180310
150330
160340
170350
170381
180390
190390
190430
200420
200460

210450

210480
220470
220510
230530
280520
250540
250580
260570
270590
270620
280610
280650

174

1.3357E-01
8.2619E-02
3.1923E 00
6.4958E-02
3.9702E-01
1.1317E-01
6.4812E-05
1.72178-03
1.0852E-03
6.4385E-02
1.8705E-02
1.6949E-02
1.4665E-02
2.9916E-01
3.8 164E-03
1.7391E-02
4.8007E-04
2.7777E-02
6.3775E-02
3.3675E-04
2.6098E-03
1.54902-03
2.3518E-03
3.4641E-03
3.3355E-03
1.0664E-03
1.3617E 02

‘ 0.0
3.7750E-06
5.9353E-01
2.0576E-13
9.33468-07
6. 4548E-0 1
6.8554E~03
1.7138E 01
1.8751E-05
6.5075E-01
6.6372E-02
4.0014E-18
3.3030E-18
6.3846E-09
4,2621E-14
3. 3327E-08
1.0343E-01
6.7214E-15
2.4157E-08
5.5720E-11
3.0207E-13
3.2187E-04
1.7431E-06
1.5972E-06
9.0616E=12
1.5505E-0 3
3.3993p-12
1.2279E-15
6.4477E-02
4.3286E-07
1.1580E-17
8.8299E-03
1.5144E-02
3.3837E-15
5.2417E-03
2.6126E-09

50100

70140

80180
120250
1460290
170370
200440
220470
230500
280530
260560
280580
280640
300660
420920
420970
471090
481110
481160
501140
501180
501240
641560
741800
741860
822080
922380

10030

20060

40090

50110

60140

70160

80190
100210
110240
120250
130270
140280
140320
150340
160350
170360
180360
180400
190400
190440
200430
200470
210460
210490

220480

230500
230540
240530
2505590
260540
260580
270600
280580
280620
280660

1.8519E-02
1.7787E 00
1.7138E 01
8.2236E-03
2.0103E-02
3.6190E-02
1.0420E-03
1.5547E-03
1.4707E- 06
7.2999E-03
2.9538E-01
2.7887E-01
3.7172E-03
1.7174E-01
1.5813E-02
9.9974E-03
4.4617E-04
2.8443E-02
1.6666E=-02
2.2562E- 04
8.1829E-03
1.8858E-03
3.2734E-03
1. 4138E- 05
3.1104E-03
2.5285E-03
4.0660E 03

9.0551E-03
2.1259E~-16
7.0549E-05
7.522u48~02
9.5116E-03
1.9474E~-11
9.1967E-12
7.6179E~08
1. 7006E~-06
8. 2279E-03
6.1819E-01
3.9721E-01
5.5757E-12
9.1671E-15
9.6119E-03
2.5211E-08
2.0591E-08
1.6789E-06
1.8652E- 15
6.4299E-05
2.2518E-11
1.3903E-08
1.7036E- 11
1.5133e-02
1.2407E-04
7.8552E-18
7.5426E-03
2.9797E-02
1.8612E-02
1.0438E-03
1.5793E-03
2.7539E-01
1.4253E-02
5.8698E- 13

50110
70150
90190
120 260
140300
200400
200460
220480
230510

240540 -

260570
280600
290630
300670
420940
420980
481060
481120
491130
501150
501190
641520
641570
741820
822040
832090

0

10040
30060
40100
50120
60150
80 160
90190

100220
110 261
120260

130280

140290

150310
160320
160360

170370

180370

180410

190410

200400

200440

206 480

210461

210500

220490

230510

240500

260540

250560

260550

260590

270601

280590

280630

290630

7.4074E-02
6.5343E-03
5.6316E-01
9.0542E-03
1.3345E-02
3.8330E~02
1. T449E-06
1.5380E-02
5.8679E-02
1.8135E-03
6.9217E-03
1.066 1E-01

" 1.0878E-02

2.5238E-02
9.6850E-03
2.5098E-02
2.8888E-03
5.3576E-02
7.4839E-04
1.2796E-04
2.8960E-03
3.1781E-05
2.4948E-03
2.8603E~03
6. 7554E~05
1.9139E-03
0.0

6.666U4E-17
1.6146E-03
8.4116E-07
4.4597E-16
1.0694E-12
8.3801E 03
5.6315E-01
1.0732E-07
2.5315e-13
9.0568E-03
9.8048E-10
2.0234E-02
1.1286E 00
4.1885E-04
4.9012E-10
3.6259E-02
3.3509E-08
8.4735E~-15
5.4474E-08
4.8287E-02
1.0407E~03
9.4505E-05
1.3360E~14
9.4961E~-17
1.37528-03
S.8186E-02
3.2308E-03
2.1020E-03
2.3818E-07
7.5427E-05
2.5109E-07
1.3084E-08
2.8969E-03
4.2511E-04
1.0759E-02

LN

R



290640
300640
3¢0680
300710
310710

320710

320740
330750
340780
380900
390900
390930
400910
400950
810930
410951
410980
820930
420970
4621010
440990
441030
451030
151051
461050
461080
461110
171081
271101
481060
481100
481130
481160
581210

491150

491171
491200
501131
501170
501191

501220
501250
511221
511250
521230
521251
521280
531270
531301

541291

541320
551330
601480
611481

611520
621500
621540
631521
631560
641551

641580
641620
65162C
661630
661660
681660

1.2338E-07
2.9852E-C1
1.1577E-01
2.1430E-12
7.39258-07
4.9541E-1C
2.0933E-13
7.1608E-17
2.82%96E~-22
7.7963E=17
1.3312E-17
1.2707E=25
4.8856E-09
1.5222E-10
1.4500E-09
6. 1ES4E-14
9.S514E~18
6.4299E-06
1.0131E-02
7.0718E-10
6.0606E=11
5.3515E=-10
1.8009E~10
2.1167E-20
2.1363E-12
1. 4998E-06
1.6640B=-13
8.5216E~-06
5.1550E-06
2.8827E-03
2.65488-02
8.5750E=06:
1.6623E-02
4.,0606E~20
2.6650E-04
6.283CE-09
1.3466E-25
5.0296E-11
2.8699E-03
1.3909E-05
1.5474E-03
1.8814E-07
9,7912E-14
1.3835E-05
1.0627E-08
1.66C6E-07
1.40278-12
5.9902E-10
8.6305E-22
2.9608E-16
3.8128E-19
1.0132E-22
4,2701E-19
1.2056E-23
3.78738-19
9.0126E-11
1.8511E-11
7-8042E-18
4,2254E-07
2.7659E-17
6. 6458E~03
1.3462E-13
3.8551E-14
7.0338E-06
1.5872E-10
1.8783E-07

290650
300650
300690
300711
310720
320711
320750
330760
380870
3809 10
390901
390940
600920
100960
410931
410960
411000
420940
420980
830990
4431000
341040
451040
451060
461060
461090
461111
474090
371110
481070
481110
481140
481170
491130
491160
491180
491210
501140
501171
501200
501230
501251
511230
511260
521231
521260
521290
531280
531310
541300
541330
551340
601490
611690
621470
621510
621550
631530
641520
541550
641590
651590

661600

661640
671650
681670

175

5.2473E~-03
2.6808E-04
3.5232E-08
2.2017E-11
2.34785-11
9.0865E-19
3.9625g-20
7.9615E-21
7.4980E-25
8.2107E-20
3.4010E-22
1.9655E-21
1. 16 46 E~-07
6.8501E-13
1. 949 2E-15
4.0549E-19
9.6755E-03
2.5123E-02
1.6268E-05
1.8889E-06
1. 1749E-11
3.8469E-16
5.5427E-17
1. 8404E-10
2.8605E-10
3.5335E-13
1.6267E-04
2.0979E-08
3.1638E-09
2.7504E-02
9.0172E-02
8.8990E-09
5.5505E-04
1. 9718E-10
1.5883E-17
7.2837E-20
4.0421E-04
3.8631E-06
1.0916E-02
3.7148E-07
1.0344E-=10
1.2013E-06
5.5500E-09
3.04u43E-09
1.6791E-07
3.7408E-19
2. 3748E-1S
2.2052E-22
1.8977E-15
9.9055E-24
2.84924E-24
3.5507E-23
1. 3703E-21
3.3320E-22
2.4066E-12
2.0842E-17
1.0892E-05
6.5381E-07
1. 1874E-06
4.5121E-07
2.4226E-04
2. 189%E-0S
7.8187E~-07
1.4548E-06
3.9103E-09

290660
300660
300691
310690
310721
320720
320751
340760
380880
390890
390910
400890
400930
400970
410840
410970
420920
420950
420990
431000
441019
441050
451041
451061
461070
461091
477070
471091
471111
481080
481111
481150
481171
891140
491161
491190
501120
501150
501180
501210
501231
511210
511240
511261
521240
521270
521291
531290
541280
541310
541331
601460
611470
611500
621480

621520

631510
631540
641530
641560
641600
651600
661610
661650
671660
681671

1.9506E-10
1.7141E-01
3.4304E-08
4.6184E- 08
5.6719E- 19
1.0417E-08
8.2286E-23
6.0984E-19
2.81678- 15
5.9165E- 13
1.0699E-16
2.3024E-12
4.1837E-09
3.91638~ 14
5.8524E~09
9.9658E-164
1.5406E-02
1.4932E-02
7.7232E-07
1.2815E- 12
3.5186E-05
2.6846E-17
7.2836E=-17
3.9301E-19
2.2751E= 10
2.7156E=14
4.1298E-04
2.3364E-13
1.0490E- 12
2.0317E-03
7.0363E-10
6.1087E-06
4.2951E=10
2.6300E~ 10
3.5985E~ 08
1.50018-16

3.3047E-04

1.1466E-04
8. 1527E-03
3.3757E-08
3.1948E-13
1.4743E-05
9.7027E-09
5.6912E- 13
4.6251E- 08
1.4006E-12
6.5576E~18
8.0617E-16
1.66 24E- 11
4.0723E- 18
1.2488E-25
7.37S4E-19
1.2578E-21
9.5530E-25
1. 3259E- 19
1.8090E-11
1.5372E-15
5.3637E-06
5.76 69E~ 06
5.2239E-03
3.4326E-03
8.8498E~06
2.4248E-05
1. 1746E-09
2.0072E~- 09
5.1821E-16

290670
300670
300700
310700
320700
320730
320760
340770
380830
390891
390920
400900
400940
410920
410950
410971
420931
420960
421000
431010
441020
441060
451050
461040
461071
461100
471080
471100
471120
481090
481120
481151

481190

491141
491170
491191
501130
501160
501190
501211
501240
511220
511241
521220
521250
521271
521300
531300
541290
561311
541340
601470
611480
611510
621490
621530
631520
631550
641540
641570
641610
651610
661620
661651
671661
681680

2.7548E-13
2.4962E-02
3.8157E-03
1.6503E-10
2.9410E~-06
1.0334E-11
6.7423E-23
2.08448-20
5.6979E~16
2.1073E-19
4.0359€E-18
1. 1980E-15
1.0086E-08
1.4243E-09
2.2029E-10
3.6548E-17
1.0711e-10
1.8721E-02
9.9609E~-03
6.8687E-10
1.2922E-06
3.5416E-20
1.9424E~-16
2,9382E-10
1.1887E-20
8.0442E-07
2,0039E-10
B8.4972E-11
2,.4659E-13
4.6896E-06
S.4742E-02
1.0388E-05
5.9300E-18
6.8305E-06
1.3438E~-09
1. 1355E-17
9.0236E-07
2. 1196E-02
2.9417E-03
9.0588E~08
1.8673E-03
1.03072-08
5.8494E-16
9.6282E-07
4.11058-06
2.40708E-11
8.6762E-21
9.4802E-20
5.4735E-14
5.0879E-20
3.8114E-25
9.0780E-23
2.7412E-23
2.0324E-14
5.5669E~-14
1.2515E-13
5.8195E-15
1.7303E-06
2.3979E-04
1.6809E-06
1.5404E-10
6.2218E-07
1. 3441E-05
4.2801E~-12
8.8089E-09
3. 1390E-09




WwwwwwwwwwwNNNNNNMNNNMNNNNNNNNNMNNNNNNNNNNN-‘—.—l-‘-l-'-ﬂ_b-l-a—l_l-l..._‘n-ld.g—b—l_i—l—l

681690
691690
701700
701740
721760
731821
741820
741850
741880
751870
761860
761900
761920
771920
771941
781540
78197¢C
791990

802010

822040
822080
832100
842110

20040
822060
822100
832080
832110
842100
842150
862180
872210
882240
892250
902270
902310
912310
912340
922320
922360
9224400
932360
932401

942370

942410
942450
952210
952au1
962410
962450
962490
972510
982520
992530
162500

10030

40100
290670
300691
310710
300720
280730
320730
290740
270750
310750

1.3034E~-12
8.1740E-12
3.44848E-13
1.6009E-20
3.6578E~24
5.7127€-15
1.9093E-03
6.1126E-06
3.6586E-07
8.2672E-04
1.3517E-05
5.7257E-07
4.1268E-11
7. 1570E-10
8.9425E-21
3.5687E-11
5.3351E-21
4.9825E-22
6.5452E~23
6.7401E-05

2.53028-03

1.8843E-09
3.7459E-20
S.4434E-02
2.7527E-16
2.8611E-14
5.7287E-20
2.9693E-18
2.73028-16
4.1362E-23
1.3228E-23
3.9012e-18
2.03708-11
1.1704E-14
3.8634E-14
6.0037E-09
1.1307E-06
1.0722E-11
8.04C8E-07
1.67778 01
2.8526E-07
3.1447E-07
2.5990E-07
Y.4641E-07
S.0754E 00
3.3253E-09
1.2381E-01
1.0944E~05
2.5272E-12
4.9343E-04
S.4634E-13
7.0368E-17
1.2817E-11
2.7255E~14
4.9342E-09
1.8870E-02
1.2852E-05
3.0220E-18
9.81518-20
1. 2173E-08
1.0906E-06

" 9.17128-13

6.0911E-04
5.4905E-12
9.7131E-17
5.6802E-09

681700
691700
701710
701750
721770
731830
741831
741851
741890
751880
761870
761901
761930
771921
781920
781950
781971
801980
802020
822050
822090
832101
842111

812070

822070
822110
832090
832120
842110
842160
862190
872230
882250
892270
902280
902320
912320
912350
922330
922370
922410
932370
932400
942380
942420
942860

952421 -

952440
962420
962460
962500
9824990
982530
992541
0
30060
60140
300670
310690
270720
310720
290730
320731
300740
280750
320750
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5.1260E~16
7.9880E~-13
9.2369E-15
1.7998E~23
1.6285E-25
3.9336E-09
2.3174E-13
1.0893E-13
1.3473E-23
3.6422E-07
1.0004E-14
3. 1226E-16
7.08358-16
7.6023E-13
8.1380E-10
2.0060E-14
2.6779E-23
2.5802E-20
1.73848-24
1.5317E-07
6.9003E-13
1. 8478E-07
2.7872E-20
6.6320E-18
3.9546E-13
5.0333E-17
1.7886E-13
2.3405E-13
3.6437E-23

9.6634E-13

9.2018E-20
4.6935E-19
1.8096E-14
1. 7866E-11
3.8621E-09
7.1235E~07
3.5549E-17
6.0520E-06
4.6852E-02
8.4798E-17
1.8211E 00
9.7080E~-06
5.3615E~01
1.901SE 00
2.6263E-11
1.6026E-03
1. 3379E-05
4.8308E-02
3.7952B-04
2.0383E-16
3.5445E-11
3.5399E-14
2.9168E-17
0.0

3.0288E-05
1.8561E-06
2.2583E~11
4,7822B-16
1.7994E-14
3.3181E-07
2.8543E-11
6.7571E-12
2.1490E-09
1.0175e-13
2.50768-07

681710
691710
701720
711750

731810

741800

741830 -

741860
751850
751881
761880
7619 10
761980
771930
781930
781951
791970
801990
812050
822060
832080
832110

0
812080
822080
822120
832101
332130
842120
842180
862200
882220
882260
892280
902290

902330 -

912330
922300
922340
922380
932350
932380
932410
942390
942430
952390
952420
952450
962430
962470
972490
982500
982540
992540

0
30070
290660
3006 80
310700
280720
320720
300730
270740
310740
290750
320751

7.0281E-21
3.5732E-14
5. 1536E-16
1.45518-22

1.1126E-06

1.24138-05
2.0752E-03
2.1300E-03
2.1541E-05
6.4746E-09

 T.47T0E-04

6.3094E-10
3. 1461E- 16
2.40298-10
9.0727E-12
7.5349E-17
3.2783E-19
5.39328- 21
4.0456E-15
1.0993E-03
2.7805E-09
6. 10 98E- 19
0.0

8.2637E-15
8.3365E~-10
2.4674E-12
2.9829E- 18
3.7T102E-17
1.2383E-23
2.2460E-19
3.5819€E-15
1.4362E-20
6. 1907E- 11
9.5452BE- 15
1.0312E-09
1.5726E-12
6.0795E~-08
6. 7918E- 16
7.6756E-01
3.9669E 03
2.0249E-09
5.9033E-03
8. 1406E- 14
2.0667E 01
5.3958E-04
4.5118E-13
3.9734E-04
6.4938E-10
1.17488~03
1.6322E-06
4.1203E-10
9.2525E- 11
3.8391E-15
6.4237E-16
o'o

1.4292E-06

2. 1398E- 15
3.3123E-13
1.7089E-22
6.7966E~-12
2.9700E-04
2.8405E- 10
9.8637E-16
1.1776E-08

T7.2195E-12.

1.1263E-10

681720
691720
701730
711760
731820
781810
781840
781870
751860
751890
761890
761911
771910
771940
781931
781960
791980
802000
812060
822070
832090
842100
0
812090
822090
822140
832100
8321640
842140
852170
862220
882230
882280
902260
902300
902340
912381
922310
922350
922390
932361
932390
942360
942400
942440
952400
952430
9520460
962440
962480
972500
982510
982550
992550
0
80090
300660
300690
320700
290720
270730
310730
280740
320740
300750
330750

1.63138-23

" 1.4745E-17

7.6142E-19
1. 1921E-24
2.4983E-08
3.6144E-07
3.7246E-03
1.534CE~06
2.0020E-07
2.9943E~12
4.2621E-06
1.74038-11
2.5372E-09
3.6560E-13
8. 1175E-14
5.9022E-16
1.5157E-21
2.4794E-21
3.8293E-19
1. 1284E-03
1.9135E-03

4,7442E-08

0.0

3.8622E-20
1.6115E-16
1.9731E-18
1.7789E-17
1.4651E-18
2.6366E-25
4.3753E-22
4.0551E-16
2.29568-14
2.8729E-17
7.0298E-19

4.9686E-06 -

5.8632E-08
2.0057E-12
3.2777E-13
3.3865E 01
2.7659E-03
3.5114E-08
3.9801E-01
5.2048E-07
9.6149E 00
1. 3244E-04
1.94938-10
3.5175E-01
4.2023E~-14
7.7248E-02
6.4700E-08
4.5615E-13
9.5930E-12
1.0415E-19
3.53258-17

0.0
2. 1416E-06

5.4934E-10
1.0081E-19
1.5994E~-18
3.3165E-11
5.46258-15
2.2383E-07
9.1093E-13
1.3034E-03
3.7149E-10
2.6673E-03
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280760
320760
290770
320771
280780
320780
300790
340790
290800
330800
360800
320810
350810
310820
340820
300830
340830
360831
340840
320850
350850
320860
350861
380860
35087¢C
380871
350880
330890
370890
340900
370901
400500
360910
390911
360920
400920
380930
410931
380940
410981
380950
210951
3709690
410960
380970
410971
380980
210981
390990
420990
371000
411000
441000
411010
381020
421020
381030
421030
451031
411040
451040
401050
441050
401060
441060
391070

6.5480E-023
9.5132E-13
1.0199E-08
3.960SE~16
2.7483E-06
1.8523E-11
7.4337E-02
3.2613E-15
4,5543E-08
2.8058E-06
2.5026E-08
2.6758E-01
1.2088E-11
4.1029E-01
4.1056E-15
5.4820E-06
6.7907E-05
3.3290E-06
2.8382E-11
3.5924E-06
5.9470E~-12
6.6825E-08
4.3910E-03
1.8797E-06
5.9492E-09
5.73%90E-07
9.0216E-13
6.6564E=-05
2.7341E~1C
4. 4018E-06
2.0249E-01
4.3200E=07
1.6660E-04
4. SE49E=-08
6.9498E 00
5.4920E-05
4.1733E-06
8.76328-06
4.205€E-11
2.80G1E-06
3.3010E-08
9.6185E-10
2.5870E-05
7.9170E=-09
1.3327g-08
4.6303e-04
3.7184E-08
3.8289E-02
1.7791E-13
2.0569E-07
9.5133E-01
9.9403E-07
4.6697E=-12
9.7T704E-05
S.2612E-14

" 8.6043E-06

4.4303E-04
4,1320E-08
3.6990E~06
3.33268-10
1.674068-03
6.58878~11
1.6406% 00
6.8860E~17

290760
330760
300770
330770
290780
330780
310790
380791
300800
350800
290810
330810
360810
320820
350820
310830

340831

310840
350840

330850

360850
330860
360860
320870
360870
320880
360880
340890
380890
350900
380900

400901

370910
400910
370920
350930
390930
350940
390940
350950
390950
420950
380960
420960
390970
420970
390980
420980
400990
430990
381000
411001
381010
421010
391020
431020

331030

431030
381040
421040
451041
411050
451050
411060
451060
401070
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1.5510E-12
3.0052E-07
1.0609E-10
3. 2895E-0S
1.3898E-13
2.9523E~06"
1.0540E-09
3.00738-07
1.2300E-11
1.6710E-0 1
1.9724E-16
1.3749E-07
2.61428-07
9.74118-09
6.3227E-05
3.2155B-12
4.1890E-07
2.8193E~13
3.3353E-05
6.09308-09
2.8348E-01
1. 4276E-09
2.2076E 00
3.9570E-13
1.8325E-04
1.8291E-14
5.7452E-04
6.7565E~10
3.3837E-01
2.4113E-08
5.9552E 00
5.8822E-15
5.1796E=-06
5.9665E 00
3.5155-07
2.1873E~-11
4.5593E-03
1.0186E-12
1. 46 48E~04
8.9624E-14
8.7553E-05
6.7295E 00
2.9875E-07
3.42438-01
1.2698E~=07
8. 1462E 00
2.4359E-08
8. 4204E 00
3.5265E-07
7.7461E 00
9.0013E-10
2.0655E-07
3.0649E~-11
1.33718-04
4.60072-10
7.7560E-07
9.0585E~-11
7.2873E=06
3.0398E-15
1.1161E=-05
10 63““3"06
2.5378E-08
1. 2097E-02
1.9960E-09
1.7435E-06
7.5691E-13

300760
340760
310770
340770
300780
330780
320730
350790
310800
350800
300810
340810
360811
330820
3508 21
320830
350830
320840
350841
340850
360851
340860
370860
330870
370870
330880
370880
350890
390890
360900
390900
340910
380910
340920
380920
360930
400930
360940
400940
360950
400950
350960
390960
360970
€00970
360980
400980
370990
410990
430991
391000
421000
391010
431010
401020
431021
401030
441030
391040
431040
461040
421050
451051
421060
451061
411070

3.7362E-10
7.0839E~05
2.4477E-09
1.3219E-02
1.7806E- 10
3.1016E-02
4.7141E-08
1.0569E-06
6. 1169E- 10
8.5363E~11
5.1632E-13
5. 1403E-06
4.4733E-14
7.6790E-08
7.5270E-08
2.8735E-09
8.8495E-05
5.9349E- 10
2.4836E-07
3.7418E-07
3.4153E-04
3.0750E-07
2.84801E-08
2.3093E-10
2.8008E 00
8.5260E-12
6.1116E=-05
1.0805e-07
4.7870E 00
2.1590E-06
1.5746E-03
1.376%E-11
3.2903E-03
1.0391E-12
1.0336E-03
1.1765E-08
7.7224E 00
6.6873E~ 10
7.8827E 00
2.2761E-10
8.0777E-01
3. 3960E- 15
1. 8250E-05
6.2979E-13
8.8886E-03
1.0933E-13
4.5959E-06
1.5306E-12
2.1925E~06
3.0573E~03
1.5778E~08
9.2972E 00
6.6157E~-09
1.2991E-04
1.4042E-06
4.7430E-08
3.2432E-08
4. 9576E-01
3.2622E~-12
1.3597E=04
2.0904E 00
4, 4954UE~ 06
1. 3205~ 06
4.0720E-07
2.4533E-05
3.8460E-10

310760
280770
320770
340771
310780
290790
330790
350791
320800
350801
310810
340811
300820
330821
360820
330830
360830
330840
3609840
380851
370850
350860
370861
340870
380870
340880
380880
360890
39C891
370900
390901
350910
390910
350920
390920
370930
410930
370940
410940
370950
410950
360960
400960
370970
410970
370980
410980
380990
410991
440990
401000
431000
401010
441010
411020
441020
411030
451030
401040
441040
391050
431050
461050
431060
461060
421070

2.8603E~09
2.5481E-15
3.5040%-06
1. T488E-11
1.5910E-09
5.0233E~18
6.9355E-07
8.6937E-15

5.0550E-08 -

8.5576E<10
1. 4883E-10
4.2764E-07
7.0784E-14
1. 9959E-08
1.1859E-02
8.6573E~-08
4.9335E-01
3.0193E-08
1.3492E 00
1.3552E-07
1. 1448E 00
8. 1343E-07
1.3104E-09
8.4637E-08
3.5988E-05
8.5369E-09
3.9729E 00
1.2873E-05
8. 0480E~-13
1.0769E-05
1.8364E-08
3.1751E-09
5. 1485E=01
1.8678E-10
1.3567E-03
3.4793E-07
5. 1599E-07
8.5494E-08
7.9767E~06
5.6530E-09
4.4858E-01
3.0776E-11
8,3253E 00
1.5253E-10
6-.3811E-04
2.8181E-11
7.6840E~-09
2.4392E-09
1.0115E-06
3.0584E-05
9.596 1E-07
6.1029E-07
2.8881E-07
7.6418F 00
3.6380E~07
7.5u88E 00
1.3319E-06
&,04609E 00
1-6618E-08
5.2094E 00
1.9860E-13
4.94u41E-05
3.5655E 00
2.7135E-06
1.7637E 00
1.0664E-07
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431070
461071
421080
851081
681080
831090
561090
481090
441100
871100
821110
461110
481110
441120
481120
851130
481130
421140
461160
891181
441150
471151
491151
451160
481160
831170
471170
491170
441180
471181
501180
481190
501190
861200
491201
871210
501210
461220
491221
521220
881230
501231
461240
501240
871250
501250
521251
891260
521260
501270
521271
491280
521280
491290
521290
541291
511300
531301
501310
531310
491320
521320
501330
531330
551330
511341

1.1846E-06
1.5023E-10
7.0337E-09
1. 4492E-07
1.8730E-08
5.5418E-07
1.6060E-03
2.41148-11
1.85218~07
3.6463E-07
2.28128-11
9.3088E-06
2.4219E-01
1.49C6E-09
1.4638E-01
2.1363E-09
1.3031E-03
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1.7591E-02
1.5286E-02
2.9168E-14
1. 3908E- 14
8. 7198E-13
1.8154E-09
2.4406E-06
3.0613E 00
1.4589E 01
4.5137E- 11
2.1045E-15
1.3093E-06
2.6088E-07
3.9580E~ 13
3.0117E-13
5.6934E~21
1.25758-18
4.2321E-09
2.7963E-07
1.9872E- 11
1.6247E 00
2.7075E-04
9.9473E-15
2.0395E 01

1.5600E 01"

3.2817E 01
1.6908E 00
1.1438E-01
1. 42898 02
7. 4223E 00
2.2900E~10
3.2795E-09
4.7085E-04
1. 1806E~ 15
3.7220E-22
1.7767E-23
1.2470E-08
8.0922E- 18

50110

70150
130270
150310
160360
220490
240500
250550

260580 -

280610
290650
400940
420940
420980
481100
481140
501150
501190
721740
721790
741830

0

0

10040

30060
40100
50120
60 150
80160
90190
100220
110241
120260
130280
180290
150310
160320
160360
170370
180370
180410
190410
200420
200460
210461
210500
220490
230510
240500
240540
250560
260550
260590
270601
280590
280630
290630
290670
300670
310690
320700
3808790
380910
390900

1.5374E-02
1.44628-02
3.0630E 00
8.8673E 00
7.3800E-05
1.2099E-01
4,9675E 00
6.07208 00
6.9121E-01

1.9277E GO.

8.4727E-02
4.3842E 02
3.7190E-01
9.6375E-01
6.5275E-05
1.4987E-04
1.2029E+01
2.7222E 00
1.6426E-04
1.4106E-02
3.8569E-03
0.0

0.0

1.65272-18
8.8057E-10
9.9612E-08
1.0250E-16
1.700SE-15
1.3984E 01
2.1655E-08
1.5364E-11
4.6198E-25
1.0728E-06
4.8701E-09
7.4014E~01
9.2501E 00
6.5162E-01
1. 1605E-04
2.2076E-08
2.3335E~16
2.8043E-18
9.5446E-15
1.3288E-16
8.3108E-08
8.8915E-17
1.0175E-14
1. 476 1E-01
2.2503E-01
9.0572E 00
5.3566E 00
3.4225E-05
4.0754E-02
1. 3650E-04
9.5697E-07
1.1590E 00
1.6996E-01
1.8973%-01
4.6290E-12
4.7773E~-07
3.9892E-12
1.0161E-14
3.2486E-06
3.3878E-09
8.3647E-06

A

B
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390901
390940
4009 10
800950
410930
410951
410980
420930
420970
421010
440990
441030
851030
451051
461050
461080
461110
471081
671101
481060
481100
481130
481160
481210
691150
491171
491200
501130
501160
501190
501211
501240
511220
511281
521220
521250
521271
521300
531280
531310
561291
541320
551330
551360
681690
691700
701700
701740
711760
721780
721780
721800
731810
741800
741830
7641860
751850
751881
761880
761910
761940
771930
781930
781951
791970

801990

1.2068E-14
8.1223E-11
2.8 114E 02
2.3800E-02
7.5483E 00
9.6246E-06
3.6771E~-16
2.4691E-04
6.7790E=01
2.7156E-08
2.32828=09
2.0545E-08
6.9152E-09
7.3U23E-19
5.7556E-12
2.2306E-11
1.68798-22
€.5774E-11
9.3689E-15
6.7749E-06
6.19298-05
6. SS8UE-08
3. S087E-05
3.6303E~-17

- 7.0078E-08

1.6203E-11
1.2013E-22
8.0674E-04
4.59798 00
2.7630E 00
8.0987E~05
1. 75€1E 00
9. 1944E-06
5.2181E-13
8.58%1E-04
3.67S0E=03
2. 1454E-08
7.7391E~-18

2.1182E-12

1.9664E-19
2,6409E-13
3.4009e=-16
9.0690E-20
1.5043E<25
5.5527E-21
1.2800E~20
1. 1718E=20
3.22238-13
2.2446E-06
6.5015E=05
1.5383E-02
4.6194E-02
1. 4188E-03
3.0981E-05
5.3142E~03
5.3942E-03
S, 1026E=05
1.5282E-08
3.4861E-04
1.4890E-09
7.4248E-16
E.67C6E-10
2.14112-11
1.7781E-16
7.73648-19
1.2727e~-20

390910
3909€0
400920
400960
410931
410960
411000
420940
420980
430990
46 1000
441040
451040
451060
461060
461090
461111
471090
471110
481070
481110
481140
481170
%91130
491160
491180
491201
501131
501170
501191
501220
501250
511221
511250
521230
521251
521280
521310
531290
531320
561300
546133¢
551340
561340
681700
691710
701710
701750
711761
721750
721781
721801
731820
741810
741840
741870
751860
751890
76 1890
761911
771910
771940
781931
781960
791980
802000

181

6.4853E-06
6.2592E-14
4.3213E 02
7.0259E 01
2.5758E-07
5.20078-07
1.5571E-17
3.7154E-01
9.6718E=01
6.2524E-00
7.2566E<05
4.0754E-10
6.3300E-15
1.1192E-19
1.4367E-13
4. 2523E-15
3.5843E-22
1.0664E-12
4.6956E=-17
7.0712E-12
6.4724E-05
2.2277E-04
2.3003E-11
1. 4742E-03
1.0382E-13
6. 1881E-15
1.2500E-23
4.49678-08
2.4757E 00
1.2438E-02
1.4547E 00
1.6821E-04
8.7345E-11
1.2369E-02
9.4789E-06
1.6886E-04
1.2512E-09
2.3033E-25
7.1909E-13
2.8762E-25
1.6927E-12
8.83538-21
2.4316E=21
1.5598E<22
1.7258E-23
3.7504E-21
9.2473E-22
3.6231E-16
8. 2128E-09
8.5700E-06
6.4073E-13
5.0976E-08
3.1667£-05
8.5493E-07
9.2080E-03
3.6314E-06
4.7272E-07
7.0663E-12
1.0058E-05
. 1069E~11
5.9877E-09
8.62772-13
1.9157E-13
1.39288-15
3.5769E-21
4.0735E-21

390920
400890
400930
400970
410940
410970
2420920
420950
420990
431000
461010
441050
451041
451061
461070
461091
471070
471091
471111
481080
481111
481150
481171
431140
491161
491190
491210
501140
501171
501200
501230
501251

511230

511260
521231
521260
521290
521311
531300
541280
541310
541331
551341
561350
681710
691720
701720
701751
711770
721760
721790
721810
731821
741820
741850
741880
751870
761860
761300
7619 20
771920
771941
781340
781970
791990
802010

1. 4251E-08
8.8413E-11
5.4263E-01
3.9219E-04
7.2801E-02
2.7886E~05
5.9160E~01
7.3227E-01
2,9733E-05
4.9255E- 11
1.35118-03

9.3119E-16

2.7968E-15
1.3631E-17
3.4876E- 15
4.0384E~-19
1.26 14E-08
3.4731E-18
2.3549E-21
4.6198E-06
1.5569E- 12
1.4392E-08
9.6041E-13
6.6661E-10
9.3900E- 12
1.3410E- 13
6.5118E~17
2.1210E-01
7.97 74 E- 08
1.0261E 01
3.3211E- 04
9.2477E-08
1.0740E-03
4.9510E-06
2. 7155E- 06
1.4979E- 04
3.3367E-16
1.1645E-24
8.4560E=-17
1. 48 28E-08
3.6324E- 15
1.1139E-22
5.6 064 E~25
1.1048E-25
8.2571E- 26
4. 4038E- 14
5.0142E-12
4.7448E-23
1.3648E-07
3.3482E~ 03
3. 4447E-02
1.7206E-04
7.2670E-12
4.9061E-03
1. 8472E-05
8. 6352E-07
1.9569E-03
3.1907E-05
1.3512E-06
9.7388E- 11
1.6890E-09
2.1103E-20
8.4218E-11
1.2590E- 20
1. 1758E-21

. 3.8660E-23

390930
400900
400940
410920
410950
410971
420931
420960
421000
231010
041020
441060
451050
461040
461071
461100
471080

471100

471120
481090
481120
481151
481190
491141
891170
491191
501120
501150
501180
501210
501231
511210
511240
511261
521240
521270
521291
531270
531301
541290
541311
541340
551350
561360
691690
691730
701730
711750
711771
721770
721791
721820
731830
741831
741851
741890
751880
761870
761901
761930
771921
781920
781950
781971
801980
802020

1.2393E-11
1.2969€E 03
4,3823E 02
5.4692E-08
1.3273e-02
3.6600E-07
4.1130E-09
7.2634E-01
3.8250E-01
2.6375e-08
4.9622E-05
1. 1425E-18
6.7374E-15
1.6811E~09
1.1855E-23
8.1599E~16
6. 1058E-15
5.5678E~19
9.9957E-22
1.0249gE~-08
1.2853E-04
2.4281E-08
5.3014E-15
1.6218E~05
1.2959E=-11
1.0152E=14
3. 1093E<01
1.0832E=01
7.6633E 00
3.0179E-0S
2.8562E-10
1.3182E-02
8.6556E-06
5. 076 9E~10
4.125€E-05
1.2493E-09
5.849 2E-15
5. 3432E=-07
4.1303E-19
4.8822E-11
4,5382E-17
5.5263E=22
9. 118 3E-23
1. 700 5E-25
7.94841E-20
6.2508E-15
4.0568E~-12
6.7389E-05
6.9828E-09
1.2238E-03
4.82288-09
1.048 3E-0S
4,.9837E-06
5.5624E~-13
2.5802E-13
3.1795E-23
8.5964E-07
2.3702E-14
7.3690E~16
1.6716E-15
1. 724 1E-12
1.9205E-09
4.7339E-14
6.3195E-23
6.0889E-20
1. 1229E-25
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20040
822080
822120
832130
882230
892250
902280
902320
912320
912350
922330
922370
922410
932370
932400
942380
942420
942460
952421
952440
962420
962460
962500
982490
982530
992540

10030

80100
300670
270720
310720
290730
320731
300740
280750
320750
290760
330760
300770
330770
290780
330780
310790
340791
300800
340800
290810
330810
360810
320820
350820
310830
340831
310840
35840
330850
360850
330860
360860
320870
360870
320880
360880
340890
380890
350900

2.8004E-09
8.2742E-18
3.6419E-25
2.092€E-22
1. 1488E-22
3.8423E-17
7.4281E-15
4.0888E-17
1. 6154E-24
5.8041E-14
7.3198E-10
3.8370E-24
3.1980E-08
4.3931E-13
1.1706E-08
9.9908E-08
1.4115E-18
8.4755E-11
7.2490E-13
2.6016E~09
1.9246E-11
9.4031E-24
1.7034E~-18
1.6782E-21
3.0312E-23
5.6245E-10
3.2188E-13
3.2123E-19
7.9339E-22
1.4054E-14
1.1744E-18
2.6798E-19
7.9871E-17
4.1237E-21
%.0331e-15
5.2626E-20
8.7863E-15
3.2429E-18
1.0527E-12
4.7353E-21
9.9210E-14
3.3437E-17
9.8379E-15
3.9985E-19
3.9161E~09
8.2123E-24
#.2325E-15
1.0899E-14
2.SE572E~-16
1.5831E-12
1.0437E-19
1.1898E-14
1. 1297g-20
9.26072-13

- 1.49%1E-16

5.6042E-09
3.3914E-17
4,1453E-0¢
1. 1074E-20
4.7259E-12
7.4832E-22
1.47448-11
1.9311E-17
8.1723E-09
4.7803E-16

812080
822090
832090
842100
882240
892270
902290
902330
912330
922300
922340
922380
932350
932380
932410
942390
942430
952390
952420
852450
962430
962470
972890
982500
982540
992550

30060

60140
300680
280720
320720

"300730

270740
310740
290750
320751
300760
340760
310770
340770
300780
320780
320790
350790
310800
350800
300810
340810
360811
330820
350821
320830
350830
320840
350841
340850
360851
340860
370860
330870
370870
330880
370880
350890
390890
360900

182

4.2418E-23
1.5819E-24
1. 7412E-21
2. 2617E-24
2.0266E-19
1.62484E-19
9.8699E-18
1.6342E-20
1.0570E-15
6.8228E-24
7.2021E-09
1.9147E-04
3.6908E-17
1.03492-10
3.6835E-21
9.25278-07
2.8678E~-11
2. 31838-20
2.0789E-11
3.4894E-17
6.2981E-11
8.1010E-14
1.9930E-17
4.8469E~-18
1.8133g-22
1.6138E-24
8.497CE-13
4.6488E-14
4.3732E-21
2.9027E-19
1.1581E-11
1. 1235E-17
4,2855E-23
4.40448E-16
2.6482E-19
4.1446E-18
1. 1725E-17
1.9083E-12
7.5177E-17
3.2107E-1¢
4.9634E-18
7.900SE-10
1.5657E-15
2.6062E-14
1.6504E-17
3.5362E-18
1.8458E-20
1.6020E-13
1.9023E-21
2.1073E-15
1.8078E-15
T7.48451E-17

2.6037E-12.

2.02588-17
9.0799E-15
9.5226E-15
9.2199E-12
7.3283E-15
5.7319E-12
4.61368-18
5.1998E-08
2.8646E-19
1.5755E-12
2.3314E-15
8.4827E-08
5.2841E-14

822060
822100
832100
862200
882250
892280
902300
902340
912341
922310
922350
922390
932361
932390
942360
942400
942440
952400
952430
952460
962440
962480
972500
982510
992530
162500

30070
290660
310690
290720
270730
310730
280740
320740
300750
330750

310760 .

280770
320770
340771
310780
290790
330790
350791
320800
350801
310810
340811
300820
330821
360820
330830
3608 30
330840
360840
340851
370850
350860
370861

340870

380870
340880
380880
360830
390891
370900

1.8110E-24
2.6660E-22
1.6584E~-25
3.5635E-23
1.7770E-22
8.4226E-23
4.6608E-14
2.8298E- 15
9.59 13- 20
3.2608E-21
4.3185E-07
1.25448-10
6. 1558E- 16
1.8050E~-08
9.8776E-15
3.6705E-07
7.1168E~-12
1.0020E-17
1.9003E-08
2.2585E-21

4.1088E-09

3.1564E-15
2.2064E-20
4.5952E~19
1.2892E-21
2.6051E-16
3.5792E-14
4.9786E-23
5.6064E~ 24
1.4012E-18
2.4784E-22
8.8762E-15
3.6979E~-20
4.0436E-11
1.3149E-17
7.7612E-11
9.2767E-17
1.0271e-22
1. T425E-13
3.6155E-19
4.4741E-17
2.0719E-21
2. 2683E- 14
3.8641E-22
1.4827E-15
3.6684E-17
4.28538-18
1.2017E-14
2.6983E-21
5.8147E-16
2.7836E-10
2.20778- 15
1.0872E-08
8.1840E-16
2.7108E-08
3.4895E-15
2.2090E-08
2.0970E~-14
3.4075E-17
2.1796E-15
9.7469E-13
2.2654E~16
7.3130E-08
3.1679E-13
3.4605E-20
2.6725E-13

822070
822110
832120
862220
882260
902270
902310
912310
912340
922320
922360
922400
932360
932401
942370
942410
942450
952410
952441
962410
962450
962490
972510
982520
9925841
0
40090
300660
310710
300720
280730
320730
290740
270750
310750
280760
320760
290770
320771
280780
320780
300790
340790
290800
330800
360800
320810
350810
310820
340820
300830
380830
360831
340840
320850
350850
320860
350861
380860
350870
380871
350880
330890
370890
340900
370901

3.6507E-21
4.5882E-25
2.3285E-21
3.7615E-24
S.7429E-19
3.5174E-22
5.2461E-17
1.0078E-14
2.1324E-19
8.007SE-15
1. 7465E-07
1. 2909E-14
5.7292E-15
1.176 1E-14
4.1288E-15
2.4848E-07
1.7868E-16
6.3614E-09

S.9288E-13

1.3540E-19
2.5732E-11
2.6653E-20
3.4037E-24
6.0892E-19
1.3796E-24
0.0

5.3640E-14
3.0600E-18
3.8340E-16
4.6186E-14
4.0400E-20
2.0944E-11
4,2217e-24

2.0419E-16

1.5255E-21
1.64212-10
3.3022E-20
3.2224E~16
1.6047E-23
9.1768E-14
6.5657E~-19
1.8380E-09
1.3007E-22
1. 4290E-15
1.0938E-13
6.9267E-16
6.2046E-09
3.7326E-19
8.9360E-09
1.6220E-22
1.6605E-13
1.9972E-12
9. 1245E-14
8.4030E-19
9.6972E-14
1.8233E-19
1. 716 7E-15
8.1930E-11
4.8515E-14
1.6008E-16
1.3669E-14
3.3286E-20
1.6895E-12
7.0472E-18
1.2158E~-13
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380900
400901
370910
400910
370920
350930
390930
350940
390940
350950
390950
420950
380960
42C960
390970
420970
390980
420980
400990
430990
381000
411001
381010

- 421010

391020
431020
391030
431030
381040
421040
451041
411050
451050
£ 11060
451060
401070
441070
471070
431080
461080
801090
881090
4610691
811100
451100
471101
631110
461111
481111
451120
421130
461130
481131
431140
471180
501140
451150
481150
501150
461160
291160
441170
471171
491171
451180
481180

1.0873E-07
2.2647E-22
1.35508~13
1.1098E-07
9.4894E-15
7.1534E-19
1.3530E-10
3.87728-2¢C
4. 46848E-12
3.8595E=21
2.7501E~12
1.4779E-07
9.0385E-15
6.7485E~09
8.0717E-15
2.0117E~07
7.8059E-16
2. 12668-07
1.1877E-14
2.0090E-07
3.3856E-17
7.0882E-15
1. 1840E-18
4.7109E=12
1.6 781E-17
2.8685E-14
3.5957E-18
2.8319E-13
1.3621E-22
4.5572E-13
5.3755E-14
1.0585E~15
€. 1418E=10
8. 1458E<17
7.5478E-18
2.6290E-20
7.0508E-13
8.3984E-15
£.5585E-15
6.2618E-08
4.1035E~22
8.2118E-14
1.7775E-13
1. 4736E-20
1.6366E-14
3.8260E-10
5.1010E-17
9.53378-14
3.5080E-16
7.1328E-16
6.8093E-21
1. 13448~ 14
9.4828E-11
1.3057E-19
3.8609E-16
3.2517E~13
2.6761E-16
1.5086E-11
1.1058E-10
8.2563E-16
6.1863E-16
1.0401E-19
1.7031E-16
3.4838E~13
5.3312E-18
1.94158-13

390900
340910
380910
340920
380920
360930
400930
360940
400940
360950
800950
350960
390960
360970
400970
360980
400980
370990
410990
430991
391000
421000
391010
431010
401020
£31021
401030
4481030
391040
431040
461040
421050
451051
421060
451061
411070
451070
401080
441080
471080
211090
451090
471090
421100
451101
481100
421110
471110
421120
461120
431130
471130
491130
441140
481140
421150
461150
481151
431160
471160
491161
451170
48117¢
501170
461180
491180
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2.8714E-11
4.48878-19
8.8063E-11
4.4125g-2C
2.9086E-11
3.8441E-16
1.6538E-07
1.6047E-17
1.7375e-07
8.9241E-18
2. 4212E-08
1. 4737E-22
5.7700E-13
2.7166E-20
2.9399E-10
4.7291E-21
1.5433E~-13
6.1023E-20
7.4283E~-14
1.0396E-10
5.2073E~16
2. 8 119E-07
2.2349E-16
4.5773E-12
4.8866E-14
2.0236E=15
1. 2075E=-15
1.8944E-08
1.4086E-19
5.5701E-12
6.0199E-08
1.90 18E-13
5.613%E-~14
1<7799E=-14
1. 0422E-12
1. ST64E=-17
3.6614E-12
1.6101E-20
5.2741E-13
5.8734E-21
2.9546E-19
1. 1293E-13
3.1769E-08
2.4517E-17
1. 2374E-16

- 1.3236E-08

3.4734B-15
2.0652E-10
3.3493E-19
1. 1772E-11
1.5390E-18
2.1680E-12
3.9021E-12
1. 1261E-16
7. 9683E-09
2. 7433E-23
3.0390E-15
2.8675E-11
1.0866E-21
5. 2844E-15
1. 1289E-13
1.0708E-17
3.9925E-13
2.7412E-09
1. 3695E-16
3.2179E-16

390901
350910
390910
350920
390920
370930
410930
370940
410940
370950
210950
360960
400960
370970
410970

370980

410980

380990

410991
440990
401000
431000
401010
441010
411020
4210 20
411030
451030
401040
441040
391050
431050
461050
431060
461060
421070
461070
411080
451080
471091
421090
451091
471091
£31100
461100
811110
451110
471111
431120

471120

441130
471131
491131
451140
491140
431150
471150
491150
441160
471161
501160
461170
4811 1M
501171
471180
491181

7.0515E=~ 16
7.2756E-17
1.3030E~-08
6.8528E-18
3.8245E~11
9.6261E-15
1. 24 15E- 14
2.4563E-15
3.3909E-13
1.5933E-16
1. 3067E-08
1. 1902E-18
1.9603E-07
5.1274E-18

2.1146 E-11

1.0687E~18
3.0658E-16
8.5874E-17
3.84998-14
6.8569E-13
3. 2160E~- 18
1. 5806E- 18
9.5274E-15
2.0698E-07
1.3100E-14
2. 16 WE-07
5.0289E- 14
1.3308E-07
6.8087E-16
1.8472E-07
8.0633E~ 21
2.1037E-12
1.3816E-07
1.1979E-13
7.1008E-08
4.7301E- 15
8. 9950E~08
1.1387E-18
3.3128E-14
4.6700E~16
6. 7767E=17
3. 1370E- 14
5.9432E-14
9.9634E-17
2.0036E-08
1. 5563E= 21
1. 9433E- 18
2.0584E-14
4.5192E~18
1.8388E-12
1.3836E~ 16
8.4373E-16
1.1283E-22
9.9720E-17
1.6985E~- 18
3.5380E~ 20
T-1874E=-14
8.4095E-10
3.2990E-18
3.4178E~ 16
2.4608E-09
2.5435E-16
2.8404E-13
4.3181E-13
1.5577E~ 16
7.5418E-18

400900
360910
330911
360920
400920
380930
410931
380940
410941
380950
410951
370960
410960
380970
410971
380980
410981
390990
420990
371000
411000
261000
411010
381020
421020
381030
421030

‘451031

411040
451040
801050
441050
401060
441060
391070
831070
461071
421080
451081
481080
431090
461090
481090
4411900
471100
821110
461110
481110
641120
481120

451130

481130
421140
461140
491141
441150
471151
491151
451160
481160
431170
471170
491170
441180
471181
501180

3.237CE-09
1.0676E-14
4.4615E-12
1.26328-15
1. 400 7E=07
1.6203E-12
8.1083E-14
2.6238E-13
1.8305E-18
8.4326E-14
9.9162E-12
3.1425E-17
8.8016E-13
2.4452E-16
2.7509E-13
4.2945E~16
1.5578E-11
1.2117E-15
1.3020E-09
7.658 1E-21
7.054 8E-15
2.14518-08
3.4656E-14
1.9028E-19
3.5876E-12
2.2291E-21
3.3386E-13
1.6929E~11
1.6566E-15
1.2166E-13
1.3806E-17
7.1196E-11
2.3352E-18
7.1201E-08
1.9796E-24
5.3208E-14
6.0668E~18
3. 1048E-16
6.5660E-15
8. 1725E-16
2.4987E-14
7.2766E=11
1.0619E-18
8.3700E-15
1.6580E-14
1.0424E-18
4.1778E-13
1.0599E-08
6.6463E-17
6.2290E~09
9.4139E-17
5.8733E-11
1.1351E-21
1.2128E-14

. 3.8751E-14

7.6644E-18
3.9236E~-16
1. 2157E=-12
1.7521E=17
2.7336E-09
5.626 TE=23
2.3529E-15
1.0409E-13
1.4316E-18
8.3063E-17
2.6998E-09
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451190
481191

501191

471200
501200
481210
501211
471220

501220

451230
491230
511230
471240
511240
481250
501281
461260
501260
481270
501271
531270
501280
531280
501290
521291
481300
511301
541300
511310
581310
501320
531320
511330
531331
491340
521340
S41341
501350
541350
561350
521360
551360
521370
561370
531380

561380

531390
571390
551400
521410
561410
521420
561420
591421
551430
591430
551440
591440
551450

591450

561460
601460
571470
611470
571480
611480

6.5215E-19
6. 1846E-15
1.8890E-11
4.8126E-17
2.70198-09
7.9914E-16
1.0614E-12
1.8024E-18
2.9109E-09
4.80408-23
3. 1496E~16
2.97C5e-09
1.1561E-18
2.4466E-11
6.1779E~17
2.7397E-22
7.8340E-09
1.0555E-17
3.1205E~14
1.5008E~08
2.0333g-12
5.9518E-14
1.7974E-13
4.8527E-10
1.0€51E~-18
5.8963E-13
2.6240E-09
3.5993E-12
9.2574E-08
1.9500E-14
3.7951E~-11
2.2824E-13
1.9955E-15
5.0103g-21
1.1325E-11
1.6688E-17
8.1707E-19
3.9573€E-11
3.2020E-11
2.6075E-14
1.5576E-10
1.3581E-15
5.5554E-09
7.7878B-15
2.2311E-07
1.2818E-15
2,1389E-07
2.8819E-13
2.9843E~-20
5«19S0E-12
7.2760E-21
2.8240E-12
3.3308E-14
1.4967E-15
4.7958E-09
3.08458-16
3.0198E-12
4 _.3865E-17
6.2926E~-11
1.2501E-15
1.1272E-07
9.0589E-15
2.7679E-08
4.6377E~-16
3.4067E-10

461190
491190
441200
481200
451210
481210
511210
481220
511220
461230
491231
521230
481240
511241
491250
511250
471260
511260
491270
511270
471280
511280
541280
501291
531290
491300
521300
481310
521310
541311
511320
541320
521330
541330
50134C
531340
551340
511350
541351
561351
531360
56 1360
531370
56 1371
541380
571380
541390
521400
561400
531410
571410
531420
571420
601420
561430
601430
5614480
591441
561450
601450
571460
541870
581470
621870
581480
611481
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5.6112E-17
2.7806E-15
1. 4247E-22
3.2093E-15
7.70838-21
1.4874E-15
2.6049E-09
3.2787E-16
1.8181E~-12
1.0453E-19
1.0604E-15
1.7446E-12
8.8U422E-16
4.0632E-18
1. 2865E~-16
4.4392E-09
6.55188-20
4.5612E-12
1.4024E-16
1. 3993E-10
1.8654E-21
1.9190E-12
7.5766E-10
6. 1325E~-14
4. 3523E-08
4.6902E-17
8.0388E-08
4. 0842E-20
4.2512E-12
3.6738E~-11
2.4843E-13
2. 1723E-07
2.71518-12
2.7800E-09
2.1132E-17
2.0939E-11
2.1140E-08
2.5635E-16
1. 1882E-12
1. 7769E-14
2.2404E-13
3.8467E-09
6. 1565E-14
3.4837E~-14
4.0107E-12
6.5250E-13
1. 4202E-13
2.0263E-18
5.5743E-09
1.0222E-17
6.7437E-11
8.8091E-19
3.7197E-09
5.0914E-14
1.2669E-07
2.9774E-14
1. 4953E-14
9.1045E-15
1.1122B-07
1.5024E-14
1. 9709E~-21
1. 3258E-13
8.6 113E-09
6.1539E-14
2.6485E-10

471190
491191
451200
491200
461210
491211
451220
491220
511221
471230
501230
521231
491240
521240
491251
521250
481260
511261
491271
521270
481280
511281
481290
511290
501290
501300
531300
491310
521311
481320
511321
491330
521331
541331
511340
531341
551341
521350
551350
501360
531361
561361
541370
511380
5513 80
511390
551390
531400
571400
541410
581410
541420
581420
531430
571430

531440 .

571440
601440
571450
541460
581460
551470
591470
551480
591480
621480

3.5933E-16
5.2199E-14
3.5776E-20
1.43178-15
3.0210E-18
2.5959E-15
4.4482E-22
6.4106E-16
1. 7410E- 17
8. 1229E~- 18
1.5368E-10
5.0186E-13
2.6699E~16
9.43058- 11
8.8292E- 16
1.1986E-09
1.0373E-16
2.2768E-15
2. 5527E- 16
1.3972E- 11
7.7771E-18
3.9497E-13
8.7551E-19
1. 7909E- 11
3. 8547E~ 12
2.6214E-13
5.2479E-12
9.8905E-18
Se 2904E- 11
4.5287E-21
2.4956E-13
1.1843E-19
6.6510E- 12
3. 7446E~- 11
3.4086E-15
1.7439E-13
4.7808E- 14
5.6878E-08
1.0928E-19
7.0443E-14
6.9841E~18
1. 2195E- 12
9.7361E- 20
1.0272E-11
9.6797E-21
2.8392E-12
1. 2432E- 16
7.5144E~ 10
1.3897E~15
1.3272E-08
3.4695E-16
1.8969E-07
1.0395E- 19
3.5082E-12
3.5886E~-21
1.4451E-13
1. 3222E-07
7.8288E- 14
7.5951E-20
2.0520E-12
1.2608E-18
1.4042E- 12
3.0795E- 20
2,2091E-13

2.5152E-08

481190
501190
461200
891201
871210
501210
461220
891221
521220
481230
501231
461200
501240
471250
501250
521251
491260
521260
501270
521271
491280
521280
431290
521290
541291
511300
531301
501310
531310
491320
521320
501330
531330
551330
511341
541340
561340
531350
551351
511360
541360
511370
5511370
521380
551381
521390
561390
541400
581800
551410
591410
551420
591420
541430
581430
541440
581440
541450
581450
551460
591460
561470
601470
561480
601480
561490

1.8167E-18
2.6674E=-09
5.2625E-17
9.9315E-17
8.6605E-17
6.4030E-12
1.8969E-18
6.7649E-18
1.6142E=10
4.7714E-16
1. 4958E-13
3.5400E-20
3.7562E-09
5.1982E-19
4.8062E-11
5.2484E-11
1.7856E-16
2.1083E-10
2.0190E~-12
5.0609E-10
3.9664E-16
2.7690E~08
7.5772E-17
4.7200E-12
1.3507E~14
9.0662E-13
2.5362E-14
6.0848E-14
2.2310E-09
9.7096E-19
1.2638E-09
2.1873E-16
4.5911E-10
2.1876E=-07
3.0480E-15
2.7598E-07
5. 4295E~09
1.3711E-10

- 2.2086E-13

7.5498E-18
4,.4956E-07
1.6030E~-18
2.2684E-07
1.6627E-16
8.872%E-18
2.6067E-11
3.03328-118
2.10848-07
8.2176E-14
1.8033E-07
3.2621E-15
1.2810E-11
1.5780E-17
4.9866E-10
1. 004 1E-17
7.0736E-08
1.1614E-18
5.2585E-13
2,3353g-18
3.5129E-12
3.1176E-16
1.8597E-09
1.6142E-16
6.4930E-08
3.09848-18
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571890 2.7344E-16 581490 8.2399E-16 591490 1.6119E~13 601490 7.6088E-12
611490 3.5064E-10 621490 4.7421E-10 551500 1.8388E-23 561500 &4.7016E-19
571500 1.2690E-17 581500 4.0761E-16 591500 1.0327E-14 601500 3.S5210E-08
611500 2.5391E-13 621500 5.6045E-08 571510 2.5018E-18 581510 1.2709E-16
591510 1.9102E-15 601510 5.2739E-13 611510 7.2499E~11 621510 2.8910E-00
631510 1.9376E-12 561520 5.4625E-22 571520 9.5935E-20 581520 4.0791E-16
591520 1.8058E~15 601520 3.5140E-13 611520 1.2880E-13 611521 4.5956E-15
621520 2.7818E-08 631520 6.3289E-12 631521 9.1927E-15 641520 2.0884E-12
571530 1.4480B-20 581530 9.3754E-18 591530 5.5427E-16 601530 2.0631E-14
611530 1.12€8E-13 621530 2.5058E-10 631530 2.2026E-08 641530 2.3113E-12
571540 2.7033E-22 581540 2.3335E-18 591540 2.3680E-17 601540 97.1659E-10
611560 3.5977E-14 611541 3.8988E-15 621540 8.8639E-09 631540 7.3955E-09
641540 4.0107E-10 581550 5.4101E-20 591550 7.0738E-18 601550 1.7544E-15
611550 4.9744E-15 621550 2.1273E-13 631550 2.8133E-09 681551 4.6259F-23
641550 1.4698E-11 581560 8.3860E-21 591560 3.6985E-19 601560 1.4911E-15
611560 1.0393E-15 621560 3.5786E~12 631560 7.9881E-10 641560 1.2302E-08
581570 2.0245E-22 5391570 7.4946B-20 601570 3.0386E-17 611570 2.6792E-15
621570 3.418SE-14 631570 5.7261E~12 641570 2:04492-11 S91580 2. 1135E-21
601580 8.8356E-18 611580 4.9459E-17 621580 1.0369E-13 631580 1. 1584E-13
641580 4.7078E-09 591590 9.7908E-23 601590 1.5479E-19 611590 1.2718E-17
621590 3.0635E-15 631590 2.4814E-14 641590 1.8944E-12 651590 7.1791E-10-
601600 1.6555E-20 611600 4.7667E-19 621600 2.3759E-15 631600 5.3189E-16
641600 3.5259E-10 651600 2.4790E-11 661600 8.9790E-11 601610 3.0989E-22
611610 6.7341E-20 621610 2.4120E-17 631610 1.9108E-16 641610 1.1729E-15
651610 3.7822E-12 661610 1.9276E-10 611620 9.6721E-22 621620 4.6310E-18
631620 3.5319E-16 681620 1.4307E~15 651620 1.0582E~-15 651621 S.7851E-16
661620 1.0220E-70 621630 6.6846E-20 631630 4.4953E-18 641630 8.8163E~-17
651630 1.2003E-15 661630 7.9555E-11 621640 9.4416E-21 631640 1.2986E-19
641640 4.8451E-16 651640 8.3147E-17 661640 1.1978E-11 621650 1.2625E-22
631650 2.3542E-20 641650 1.2811E-17 651650 6.6142E-18 661650 1.9862E-14
661651 7.3537E-17 671650 3.8394E-11 661660 4.2216E-14 671660 6.5892E-14
671661 3.8108E-13 681660 1,2171E~-11 681670 8.2359E-13 681671 3.3573E-20
681680 2.1832B-12 681690 9.7999E-16 691690 1.3866E-14 681700 3.2558E-18
691700 2.2523E-15 701700 2.1507E~15 681710 4.4639E=~23 691710 2.0U464E-16
701710 1.1074E-16 681720 1.0361E-25 691720 8.4536E-20 701720 8.4733E-18
0.0 0.0 0.0
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